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Said Isaac Newton: 
“Every particle of matter attracts every other particle with a force directly proportional to the product 
of their masses and inversely proportional to the square of the distances between them.” 


Until recently, the thrust which propelled rocket vehicles into their coast stage, prior to orbiting, was provided by booster 
stages. The fuel carried by the satellite stage was used only to inject itself into orbit. 

Now, however, a scientist at Lockheed Missiles & Space Company has evolved a Dual Burning Propulsion System which 
allows higher orbits and heavier payloads. With this system, the satellite vehicle fires immediately after the late booster 
stage burns out, thus augmenting the begin-coast speed. Later the satellite stage is re-started to provide orbit injection. 

An even more recent development by Lockheed is a triple-burning satellite stage. This will permit a precise 24-hour 
equatorial orbit, even though the vehicle is launched a considerable distance from the equator. 

These principles have made possible the early development of the MIDAS satellite. Moreover, they substantially increase 
the altitude and payload of the DISCOVERER series. Lockheed, Systems Manager for these programs and for the POLARIS FBM, 
is pursuing even more advanced research and development projects. As a result, there are ever-widening opportunities for 
creative engineers and scientists in their chosen fields. 

Why not investigate future possibilities at Lockheed? Write Research and Development Staff, Dept. M-15C, 962 West 
E| Camino Real, Sunnyvale, Calif. U.S. citizenship or existing Department of Defense industrial security clearance required. 
An Equal Opportunity Employer. 


LOCKAHEED missiles & SPACE COMPANY 


A GROUP DIVISION OF LOCKHEED A/RCRAFT CORPORATION 


Systems Manager for the Navy POLARIS FBM and the Air Force AGENA Satellite in the DISCOVERER and MIDAS 
programs. Other current programs include SAINT, ADVENT and such NASA projects as OGO, OAO, ECHO, and NIMBUS. 


SUNNYVALE, PALO ALTO, VAN NUYS, SANTA CRUZ, SANTA MARIA, CALIFORNIA ¢ CAPE CANAVERAL, FLORIDA ¢ HAWAII 
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Now Available 
HIGH IN PERFORMANCE e SMALL IN SIZE 


ERNAS II = 
i 
P E R Hipernas (High Performance Navigation System) is a pure 
inertial guidance system uniquely suited for air, sea, space 
Pi} RE N ERT AL and underwater applications requiring extremely high 
' | performance in addition to small size and low weight. 
’ Several major features: 
1 @ Small size @ Extreme accuracy 


@ Low weight @ Gyro compass mode 


AND ITS COMPONENTS @ High reliability 


BRIG ll GYRO— smallest MODEL IIIB ACCELEROMETER — DIGITAL VELOCITY METER— PRECISION POWER SUPPLY — 

and most precise gyro combines highest performance transistorized component extreme accuracy, greater than 

made. with smallest size and lowest designed for terrestrial or 10-5 stability, high reliability, 
weight. space navigation. long life. 


FOR FURTHER INFORMATION CONTACT: AVIONICS DIVISION JA-1 


C BELL AEROSYSTEMS comPaANy 
POST OFFICE BOX ONE, BUFFALO 5, NEW YORK 


DIVISION OF BELL AEROSPACE CORPORATION @ A TEXTRON COMPANY 
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" MANAGEMENT 


FOR TECHNICAL DECISION-MAKING AND LONG-RANGE PLANNING 


November, 196! Volume 4, Number |! 


26 Management Worried . .. Government Controls Oppressive 


The ASPR started out as a concise statement of policy; 
It is now a strait-jacket. And things are getting worse. 


39 Army Aviation Market Forecast 1961-1975 


A case study of how Douglas organized its marketing function to solve a specific 
problem. Results show big Army market. 


38 The Neglected Aspect of Reliability 


'"Misuse'’ of equipment is the greatest reliability bugaboo. 
"As-built" reliability is degraded; premature failures result. 


A? How To Target Your Capabilities In Systems Engineering 
Most companies, large and small, want to develop ‘‘systems capability.” 
But only a few have the talent and understanding for it. 


A6 Poor Design . . . It Costs Us Millions And Cripples Defense 


Maintainability has long been neglected as design parameter. 
Now, a means exists for measuring and specifying maintainability. 


5O Specifications Are The Foundation of Reliability 


All of the “new and better ways of capturing the elusive prey—reliability—have 
one failing. They don't go to the core of the problem. 


rns Predicting System Reliability 


The ideal way to measure system reliability is actual test. 
This is not always practical. There is now a way to predict reliability. 


56 How To Make Value Analysis Work 


Value Engineering and Value Analysis are not synonymous. 
To make either work, the distinction must be clearly understood. 


58 Planning and Engineering The OAO 
Grumman is under $30 million contract to orbit OAO by 1963. 
lt could be the engineering and management marvel of our time. 


‘oy Defense . .. The Economic Outlook 


Contrary to general impressions, order prevails in defense spending. 
And, R&D spending is a good barometer for future procurement. 


65 Small Business Is A BIG Problem 


Pressure mounts from “very high" sources to "share the wealth" in 
government contracting. How much can small business economically handle? 
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THE COVER STORY—The harried look on the face of this month’s cover per- 
sonality reflects near despair over the endless barrage of contracting regulations 
being heaped on industry by Government. In a hard hitting analysis of this 
critical problem, Robert E. Beach, Vice President and General Counsel, United 
Aircraft Corp., lays bare the hard facts of life in the Defense Business under 
the ASPR’s. Page 26. 
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Datebook 69 Worth Asking For 


7 Editorial 71 New Materials 


8 Letters To The Editor 
73 New Electronic 


9 Projects Products 


13 Technical Advances 75 New Parts and 


19 Market Planning Components 


23 Business Activity 76 New Books 


25 Major Contracts 
77 New Production 


66 Men On The Move Equipment 


IN DECEMBER—LOOK FOR 


Special Report on Air Force Management . . . the Zuckert-Lemay team. How 
they work together, what they are striving for. Plus, how Air Force plans to cost 
out its major weapon systems with PERT. ALSO—A complete look at value 
analysis planning in the Army . . . And NASA's big plans for PERT. 
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Nov. 1-3 


First International Congress on 
Experimental Mechanics 

Society for Experimental Stress 
Analysis 

Hotel New Yorker 

New York, N. Y. 


Nov. 1-3 


International Conference on High 
Magnetic Fields 
Cambridge, Mass. 


Nov. 6-9 


1961 Conference and Atom Fair 
Atomic Industrial Forum and 
American Nuclear Society 
Conrad Hilton Hotel 

Chicago, III. 
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SERIES HK® QUICK-CONNECTIVE 


TWO-WAY SHUT-OFF 


COUPLINGS a i" 


QUICK FLUID LINE CONNECTION 
_ OR DISCONNECTION 


witH 
[| a 


of line... prevents loss of 
liquid, gas or pressure 


Gi When Coupling is disconnected, 
identical valves in both the Socket 
and Plug provide instant shut-off of 
gas or liquid. To eliminate leakage or 
spillage during disconnection, the 
Coupling is so designed that shut-off 
takes place before the Plug separates 
from the Socket—and before the seal 
of the Socket itself, provided by the 
Socket “O” Ring, is broken. 


In reverse, when Coupling is con- 
nected, the “O” Ring in the Socket 
completely seals Coupling before 
valves release flow of fluid from both 
sides of line—thus eliminating possi- 
bility of spurt of gas or liquid during 
instant of connection. 

Available in brass or steel with female 
pipe thread connections from !%" to 
114” inclusive—also up to 1” in stain- 
less steel. 


SINCE 1915 


4 Circle 4 on Inquiry Card 


AUTOMATIC FLOW 
OR SHUT-OFF 


Instantly shuts off both sides 


QUICK-CONNECTIVE FLUID LINE COUPLINGS 


4031 WEST 150th STREET + CLEVELAND 35, OHIO 


Write for the Hansen Catalog 


Here is an always ready reference 
when you want information on 

on couplings in a hurry. 

Lists complete range of sizes 

and types of Hansen One-Way 
Shut-Off, Two-Way Shut-Off, 

and Straight-Through Couplings 
— including Special Service 
Couplings for LP-Gas, 

Steam, Oxygen, Acetylene, etc. 


= 


== 


Representatives in Principal Cities 
...see Yellow Pages 
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Nov. 9-10 


Fifth Annual Display, Aerospace 
Electrical 

Society of San Diego 

Balboa Park 

San Diego, Cal. 


Nov. 9-10 


11th National Conference of Aircraft 
and Missiles Div. 

of American Society for Quality 
Control 

Ambassador Hotel 

Los Angeles, Cal. 


Nov. 13-22 


International Meteorological Satellite 
Workshop 

Dept. of Commerce Weather Bureau 
and NASA Washington, D. C. 


Nov. 14 


Electronic Systems Reliability 
Symposium 

Institute of Radio Engineers 
Kansas City, Missouri 


Nov. 14-15 


Symposium on Ceramics and Cermets, 

Bodies and Coating. * 
Society of Aerospace Materials and 

Process 

Engineers (SAMPE) 

Biltmore Hotel 

Dayton, Ohio 


Nov. 19-24 


Medical and Biological Problems 
in Space Flight 

Bahamas Conferences 

Nassau, Bahamas 


Dec. 5 


Second Annual Seminar, 

Reliability In Space Vehicles 

IRE, Reliability, Quality Control, 
Electron Devices and Components 
Groups 

Rodger Young Auditorium 

936 W. Washington Blvd. 

Los Angeles, Cal. 


Dec. 5-7 


Annual Convention, National 
Aviation Trades Assn. 
Statler Hilton Hotel 
Washington, D. C. 


November 1961 
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WANTED: Research and Development Engineers... 


The IBM 7090 digital computer lab is just a small part of the integrated lab and testing facilities at Boeing/ 
Wichita. The experienced engineer, interested in advanced research and New Product Development will truly 
appreciate the atmosphere and facilities found here.eThey include completely equipped labs for fatigue, materials 
and dynamic testing. There are facilities to conduct and evaluate flight test data, and model development and 
wind tunnel testing.e Outstanding opportunities exist for experienced research engineers in many areas including: 
Structural Design and Dynamics, Stress Analysis, Aerodynamics, Automatic Controls, Electrical and 
Electronic, Propulsion, Systems Design and Applied Physics. ¢ To qualify you should have a degree and 
a minimum of five years experience and preferably be working toward or already have an MA, MS, or PhD 
degree. For immediate information about projects and assignments, and living conditions in Wichita, write 


in confidence to. Mr. Melvin Vobach, Dept. OBN, The Boeing Company, Wichita Division, Wichita 1, Kansas. 


en 


dub 


= 2 


ASMP TAM le ff WWIII A 


An Equal Opportunity Employer 
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BFG FUEL CELLS FIT T-38 LIKE A GLOVE TO INCREASE RANGE 


To maximize the capacity of the five internal fuel cells of the Northrop T-38, every bit of available 
space has to be utilized. Thus B.F.Goodrich builds the cells in a complex configuration—rather than 
the usual flat surface—to fit around structural members and other equipment. 

These BFG cells are produced to very close tolerances to provide a fuel-tight system with proper 
fit. This close quality control has simplified Northrop’s assembly operations. And as an added 
bonus, BFG developed a new fitting which reduces over-all fuel cell weight. 

B.F.Goodrich maintains complete fuel cell test and development facilities . . . and has extensive 
experience in design and production of cells for aircraft, missiles, and ground vehicles. For complete 
information contact B.F.Goodrich Aerospace and Defense Products, a division of The B.F.Goodrich 


Company, Dept. AM-11, Akron, Ohio. 
BE Eoodrich aerospace and 


Gee, defense products 
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A Time For Decisions 


Indecision is one of the biggest manpower 
and scientific wastes of our time. With it, we bring 
upon ourselves mountainous management prob- 
lems. 

It is these problems, fostered through in- 
decision, that have brought about so many com- 
plaints concerning our aerospace programs. It 
is sO easy today to gripe. Sure, put the blame on 
others without taking on any of the responsibility 
yourself. Why is it so fashionable to blame and 
complain without being constructive? 

Indecision can often be traced to lack of 
clear cut objectives, even a failure to recognize 
the basic problems. 

So many things in our space and defense 
programs have been taken to task that we have 
lost sight of what the major problems are, let 
alone how to solve them. Now, more than any 
other time there is a real need—a downright ne- 
cessity—to pinpoint the major aerospace man- 
agement problems. After all, identification is the 
first phase toward solution. 

No doubt, you will be able to add to the 
list, but we would like to pinpoint a few of the 
major responsibilities that lie in the restless grave 
of indecision. 
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EDITORIAL 


Communication Satellites: — Government 
or private enterprise? Will we or won’t we have 
them? How will the cost be shared? Should the 
program be run on a profit or non-profit basis 
with a combination of private funds and tax 
monies? 

Procurement Practices:—Do we want the 
arsenal concept? Should industry give up its pat- 
ent rights? Should regulations force social re- 
forms? Is renegotiation necessary? Are advertised 
bids practical or even feasible? 

Missile Defense:—Will the northern early- 
warning stations tell us what’s coming from the 
south? Do we need a follow-on to Nike-Zeus? 
Should we have a Minuteman train? Do we need 
a follow-on to Atlas, Titan, Minuteman for of- 
fensive deterrent? 

B-70:—Is it for research only? Should 
we go into production? Are bombers necessary? 
Can it be converted into a supersonic transport? 
Do we need a supersonic transport? 

Fallout Shelters:—Are they needed? What 
kind, who should fund them? Who has responsi- 
bility for preserving technical brainpower to aid 
us in springing back after attack? 
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Circle 6 on Inquiry Card 


Wants His Own 


. I have just finished reading a 
copy of the September issue of your 
fine magazine. Much to my dismay, 
it must be passed along to others, 
thereby making it useless for refer- 
ence purposes. I would appreciate it 
if you would add my name to your 
mailing list for my own regular copy. 


Walter H. Pearson II! 
General Electric Co., MSVD 


High Interest-Level 


.. I feel that I must commend you 
on your choice of articles for the Sep- 
tember issue of AM... . Six of ten 
articles have a direct bearing on prob- 
lems I am coping with at this time. 
That pegs the interest level of Sep- 
tember AM at an all-time high among 
the magazines I read in connection 
with my work. I have been reading 
and using the information published 
in AM for three or four years and it 
seems to get more informative with 
each issue. Keep it up. 


L. F. Crossman 

Director, Reliability, Quality 
Control, and Standards 
The Bendix Corp. 


Valuable Contribution 


. Congratulations on the presenta- 
tion of “What and How Signal Corps 
Buys” in your September issue. We 
are always pleased when a magazine 
such as yours assists us in bringing 
the story of the Army Signal Corps’ 
mission and accomplishments to an 
international readership. In this in- 
stance, we feel that your effective 
coverage of our procurement proce- 
dures program has been a valuable 
contribution to both the Army Signal 
Corps and to Small Businessmen 
throughout the country. 


T. Di Renzo 
Public Information Officer 
U.S. Army Signal Supply Agency 


Can Fill A Gap 


. We appreciate the opportunity 
to comment on your conversion of 
“AIRCRAFT AND MISSILES” to 
“AEROSPACE MANAGEMENT”. 
We do think your publication can fill 
a gap in the trade. The articles in the 
August and September issues are 
easily read. However, we would like 
to see more depth and details especi- 
ally in your description of various 


management systems. If we are to 
achieve the national objectives in the 
Aerospace field, a clear delineation is 
needed of the real management prob- 
lems involved. Indentification is the 
first step towards effective solutions. 
Therefore, we hope you will include 
the problem areas as well as the pro- 
saic and accepted. 


T. W. Jenkins 

Asst. Dir. for Management Reports 
National Aeronautics And Space Adminis- 
tration 


First Experience 


.. The reading of this issue (Sept.) 
was my first experience with your 
publication. Needless to say, I en- 
joyed it very much and found it to 
be most enlightening for my scope of 
duties. If possible, I would like to be 
added to your mailing list. 


Nicholas A. Stein 
Supervisor, Central Plans and Analysis 
Emerson-Electric 


More Comments 


.... Have enjoyed your Sept. issue 
of AEROSPACE MANAGEMENT 
immensely. In particular the articles 
entitled “How Good is PERT” and 
“Profits” were of real value and in- 
terest. 


Milton G. Kuolt, II 

Monager, Manpower & Budget Control 
BOMARC Program 

The Boeing Co. 


. May I congratulate you on the 
recent change in the purpose and scope 
on your magazine. It will fill a need 
of long standing. 


T. R. Houseman 
Chief Engineer-Design 
The Bendix Corp. 


. We have read with great in- 
terest the Sept. issue of AEROSPACE 
MANAGEMENT. The contents are of 
very practical importance to us in a 
recently established Market Planning 
Department. 


John B. Keehner 
Market Planning Dept. 
Goodyear Aircraft Corp. 


. If all issues are like this one 
(Sept.), you will be providing a real 
service to the industry. 


G. L. Williams 

Vice President, Sales & Operations 
TEC-LITE Div., 

Transistor Electronics Corp. 
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Missiles and Space Vehicles 


APOLLO— Vernier engines proposed for 
Apollo control and stabilization by Astropower Di- 
vision of Douglas delivers 1500 pound thrust burning 
nitrogentetroxide and a mixed amine fuel. First test 
firings have already taken place. 


ASSET—Advanced glide re-entry vehicles are 
being designed by McDonnell. Seven vehicles will be 
launched from Cape Canaveral to travel at speeds up 
to 12,000 mph. 


ATLAS—Aijir Force fired an Atlas 9000 miles 
last month from Canaveral. The flat trajectory sub- 
jected the Mark IV nose cone to its most important 
test to date in extreme environments. The nose cone 
was recovered. 


BIOS-1—Capsule with biological tests is slated 
for launch this month. Follow-on program will investi- 
gate reasons for neurospora mutation rate of over 30 
times normal discovered by Nerv. 


BULLPUP—New Bullpup contracts will make 
it necessary for Thiokol Chemical to expand liquid pre- 
pack production facilities at Bristol, Pa. 


ECHO—Two Thors are being modified for 
NASA to boost two 135 inflatable test spheres 800 
miles above the earth. Tests will be similar to “Shot- 
put” operations from Wallops Island last year and will 
not orbit spheres. 


ECHO-A-12—When Echo is launched next 
year, a TV system operating 250 miles above the 
earth, will give scientists a close-up view of the balloon 
from the time of ejection from the cannister through- 
out the test trajectory. The spaceborne TV, being built 
by the Siegler Corp., will transmit pictures back to 
earth where they will be recorded on film and magnetic 
tape. 


LIGHTWEIGHT SPACECRAFT—Lockheed 
research on low weight spacecraft wing structures made 
of thin gauge René 41 shows encouraging results in 
tests for dynamic pressures, re-entry heat, and sonic 
fatigue. 


MARINER—NASA will use an Atlas Agena 
B to launch Mariner Venus flight in mid-1962. Flight 
was originally scheduled for Centaur launch. NASA 
expects greater reliability from Atlas-Agena B because 
of greater number of firings before Venus flight. 
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NIKE HERCULES—Fired from Army experi- 
mental GOES vehicle at White Sands. GOES with out- 
size rubber tires can navigate across extremely difficult 
terrain. 


PROSPECTOR—Although program has been 
overshadowed by emphasis on manned lunar landing, 
Prospector is still scheduled for 1966-70 period. Pros- 
pector will be given hovering capability to allow it to 
search for best landing site. 


REBOUND—Slated for launch in 1963, Re- 
bound will have three containers and three balloons. 
Atlas-Agena-B will boost into an elliptical orbit. 
Ground stations will track containers for 20 hours to 
adjust timers that will release balloons into proper 
orbit. 

SATURN—NASA has invited 27 firms to sub- 
mit proposals for prime contractor on S-1B booster. 
Contractor for 3-million lb booster will be selected next 
month. Booster will be built at NASA’s Michoud Ord- 
nance Plant in New Orleans. 


SERGEANT—Research and development test 
firings have been completed. Test objectives have been 
met. Sergeant, which will replace Corporal, is already 
in production at Sperry, Utah. 


SPEAR—Solid rocket was fired at —5O° F. 
Test was set up Grand Central Rocket to prove ability 
of Polycarbutene-R propellant to operate under worst 
environmental conditions. Spear, a 14 ft, 36 in. diam 
motor, contained over 6500 Ib of propellant. An aver- 
age thrust of 53,000 Ib was generated. 


SURVEYOR — Seven flights scheduled for 
1963-65 slot may be expanded. Additional lunar re- 
connaissance orbits may be flown to find best manned 
vehicle landing areas. 


SYNCOM—First synchronous satellite launch- 
ings for NASA will be possible in 1962. Hughes will 
build three experimental high altitude communications 
satellites for NASA. Spin stabilized 28 in. diameter, 
55 pound satellites will transmit pancake shaped signal 
beam while in synchronous orbit with the earth in 
22,300 mile orbit. One year life satellites will require 
difficult critical maneuvering into orbital position to 
be useful. Army Advent Agency facilities will be used 
for communications. 


TRANSIT I'V-A—Data received in just one 
day from Navy’s navigation satellite has proved that 
the equator is elliptical rather than circular. Earlier 
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Projects 
TTT sceeveSRSeSoNee + RANE ENED 
data from Transit II-A had indicated ellipticity, but 
tracking stations at that time were located on too nar- 
row a longitudinal band. Satellites in a synchronous 
equatorial orbit will require continuous thrust to main- 
tain their orbit, because of this ellipticity. 


UK 1—Delta will be used to lift Britain’s In- 
ternational Satellite No. 1. NASA will launch from 
Cape Canaveral rather than Wallops Island, Va. UK-1 
weighs only 128 Ib but will be put into an orbit with a 
200 mi perigee and 600 mi apogee. This is too heavy for 
the Scout which was originally planned for launch. 
The Delta, with a Douglas Thor first stage can lift 
500 Ib into a 300 mile orbit. 


X-15—Successful flight last month without 
ventral fin proved X-15 is more stable without fin if 
stability augmentation system is not functioning. X-15 
handled better, during eight-minute flight test, than 
simulator tests had indicated it would. 


X-15—Will be used to fly radiation sensitive 
packages above 150,000 ft. Photographic emulsion 
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NOVA type vehicle routes can be plotted simply using 
lunar entry and exit corridors reported by Walter C. 
Nelson, Martin-Orlando design engineer. Sketch shows 
the manner in which a vehicle will enter a corridor for 
a moon landing and the path it will take for return trip. 
Routes can be plotted to avoid Van Allen radiation belt. 
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plates will indicate radiation back scatter from the 
atmosphere and cosmic radiation environment at the 
high altitudes flown. The X-15 will also be used as a 
camera mount for very high altitude celestial photog- 
raphy. 


Aircraft and ASW 


ALUMINAUT—An aluminum submarine will 
be built by the Electric Boat Div. of General Dynamics 
for Reynolds Metals. The sub will be leased to the 
Woods Hole Oceanographic Institute for a Navy spon- 
sored research program. Fifty ft sub will carry a crew 
of three and a ton and a half of scientific instrumenta- 
tion to depth of 15,000 ft. It is expected to be in opera- 
tion early in 1963. 


B-58—A man-sized dummy in a rocket-pow- 
ered capsule ejected at 115 miles an hour during 
takeoff showed capability of new escape system, first 
capsule of its kind. 


B-70—A fifth wheel has been designed into the 
Valkyrie which will stop the 2000 mph aircraft on any 
runway now used by the B-52. The wheel rolls along 
the runway providing a direct reading of the speed of 
the wheels on the runway. Data is transmitted to com- 
puters in the landing gear system. Computer works to 
prevent skidding. 


re es ae 
Oi. Ree on 
A3J VIGILANTE gets new windshield at a savings of 
about $5000 each. Navy has approved change to 
stretched acrylic. NAA’s research engineer, Ed Bundt, 
checks visibility. 


OAO, full-scale mock-up of satellite which will be 
launched by an Atlas Agena B, late in 1963. Grumman 
projectmen inspect Vanguard I, 3.25 lb satellite. 
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BOEING 727—Wing components up to 55 ft 
in length to be chem milled are first major parts to be 
processed this way by Boeing in a commercial program. 


CARAVELLE 10A—Twenty airplanes have 
been ordered from Sud Aviation by TWA with an op- 
tion for 15 more. Called the Nouvelle Caravelle, this 
new version is powered by General Electric CJ 805- 
23C jets. The fuselage has been lengthened three feet 
and will accommodate 153 passengers. Deliveries will 
take place between Jan. and July, 1963. 


H-21C—Time between overhauls for Vertol 
H-21C has been increased from 750 to 1000 hours. 
Change applies to several hundred Army H-21s and 
makes possible a one-third reduction in overhaul costs. 


HAWKER P-1127—VTOL aircraft made suc- 
cessful transition from vertical to horizontal flight. 
This was also first test of the Pegasus vectored thrust 
engine. 


P3V-1—Navy Preliminary Evaluation (NPE) 
gives a pass mark in nineteen separate flights totaling 
60 hours. Total company test time with the prototype 
and two production aircraft at the time added up to 
442 flights and 757 hours. 


PD-808 — Piaggio-Douglas 808 light utility 
transport will be ready for deliveries in 1963. The 
twin-jet will be powered by General Electric CJ610-1 


or Bristol Siddeley Viper 20 engines. The plane will 
have a 1500 mile range and a cruising speed over 500 
mph. Douglas decided to enter small-jet field after 
three-year market survey which forecast a market for 
several hundred PD-808’s during the sixties. 


SST—FAA has formed a Supersonic Transport 
Program Management Office. USAF Col. L. S. Rochte, 
Jr., will direct office responsible for SST development. 
AIA president Orval R. Cook will head a special SST 
advisory group and B-70 project test pilot Al White 
will be an advisor. 


STOL—A variable camber prop which utilizes 
pairs of blades in tandem arrangements is being de- 
signed by Hamilton Standard Div., of United Aircraft, 
for General Electric’s T-64 turbine engine. The engine 
will be used for STOL aircraft. 


UMBAUGH 18—Model 18 gyroplane, a two 
place rotary wing aircraft with a pusher prop, has re- 
ceived FAA type certificate. It is the first new aircraft 
of this type to be certificated under current regulations 
for rotorcraft. 


VERTOL 107—Royal Canadian Air Force 
has ordered extra helicopters from Boeing Vertol. Six 
of the 150 mph craft will be used for rescue work and 
general utility. With large capacity fuel tanks, they 
will be able to carry 2000 Ib payload more than 650 
miles. 


LUNAR roving vehicle studies in- 
clude investigation of three types 
of locomotion, wheel, tracks and 
screws. Model has been driven 
over a variety of soils and meas- 
urements of their mobility have been 
made. General Motor’s Defense 
Systems Div. tests are being made 
on a three-axle large-wheeled ve- 
hicle suitable for irregular terrain; 
a tracked vehicle with the track en- 
circling the body, for soft or hard 
lunar soil; and a multiple-screw con- 
figuration which can progress in 
loose or fluffy soil even if buried. 


S-48 (Six Frequency Topside 
Sounder) satellite is sched- 
uled for 1962 launching by 
Scout. S-48, designed and 
built by AIL Div., Cutler- 
Hammer and National Bu- 
reau of Standards, will meas- 
ure electron. density of 
the ionosphere, roughly 200 
miles above the earth. Satel- 
lite payload contains a track- 
ing beacon, telemetry, three 
dual-channel transceivers, so- 
lar batteries, 4000 exterior 
solar cells and sounding an- 
tennas. 


ECHO A-12 cannister, all 
magnesium, vacuumized con- 
tainer for a 500-lb, 135 ft 
diam mylar plastic and alu- 
minum foil laminate balloon. 
NASA expects to launch rig- 
idized sphere in 1962. Echo 
I, launched Aug. 12, 1961, 
is still orbiting and reflecting 
radio signals. Grumman is 
developing nine of the can- 
nisters. 
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At Associated Testing 


severe frost and ice conditions. 


Laboratories, Inc., this 12’ x 12’ x 11’ 
walk-in chamber (below) produces temperatures from 
-100° F to 250° F; humidity from 5% to 95%; rainfall 
up to 10 inches an hour; also produces 


Problem: SIMULATE SPACE TEMPERATURES 
Solution: LIQUID CARBONIC DOES IT WITH LIQUIFLOW" 


Simulating space conditions quickly and accurately 
is the job of Associated Testing Laboratories, Inc., 
Wayne, New Jersey. Humidity, altitude, tempera- 
ture, vibration, shock, sand, dust—whatever your 
test specifications, Associated is equipped for the 
job. 

Since liquid CO. provides the required refrigera- 
tion for Associated’s chambers, the company keeps 
permanent Liquiflow* storage vessels at their 
Wayne, N.J.; Winter Park, Fla.; and Burlington, 
Mass. sites. Mechanical refrigeration units of com- 
parable capacity would require enormous capital 
investments. 

Associated Testing Laboratories also realizes these 
advantages with Liquiflow*: rapid temperature 
pulldown; reduction of engineering man-hours 
and manual labor; elimination of breakdown wor- 
ries and maintenance. 


12 Circle 7 on Inquiry Card 


When you need an economical refrigerant and a 
more flexible operation—plus an always reliable 
supply of CO.—call your Liquid Carbonic repre- 
sentative. There are more than 135 Liquid Car- 
bonic distributing points throughout the country. 


_*Liquiflow is Liquid Carbonic’s registered trade-mark for liquid carbon 
dioxide systems. 


World’s Largest Producer of CO2 


LIQUID CARBONIC 


ovision or GENERAL DYNAMICS 
Dept. AM, 161 South LaSalle Street, Chicago 3, Illinois 
In Canada: Liquid Carbonic Canadian Corporation, Ltd., 

8375 Mayrand Street, Montreal 9, Quebec 
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Wo ee rs 


R & D BRIEFS 


Sterillizing space craft long con- 
sidered a must by serious biologists 
afraid of polluting untouched planet 
micro-organisms may be unneces- 
sary after all. Experiments with a 
number of common bacteria and 
fungi conducted at Hughes Air- 
craft shows that if subjects are sub- 
mitted to low vacuum pressures for 
long enough time they will die. This 
opinion reverses previous ideas that 
micro-organisms could live in the 
high vacuum of space. All speci- 
mens were killed after 30-day ex- 
posure of pressures of 1.2 x 10° to 
6 x 10° mm Hg, equal to above 
300-mile altitude. Some, however, 
withstood ten days at 8 x 10° mm 
Hg, equal to 200 miles above the 
earth, 


Electrolytic cell that operates 
under weightless conditions could 
provide a vital link in a workable 
chemical system for air regenera- 
tion. Experimental cell operates in 
its own artificial gravity field, pro- 
duced as the cell rotates. Cell will 
work with device that chemically 
converts carbon dioxide into carbon 
and water. The device can use the 
hydrogen produced by the cell, while 
the cell in turn, can make use of the 
water to produce more breathing 
oxygen. Battelle Memorial Insti- 
tute is readying a prototype model 
for evaluation by the Aerospace 
Medical Lab (AFSC/ASD). 
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Variable thrust hypergolic rock- 
et engine could be used for lunar 
soft landings, as well as mid-course 
guidance control, and for guiding 
missiles for rendezvous. In engine, 
a liquid fuel is combined with an 
oxidizer and combustion takes place 
without need for an ignition system. 
Engine has been operated with 
pulsed inputs at a repetition rate of 
up to 130 cycles per sec. Pulse 
amplitude required that engine 
thrust vary plus or minus 300 Ib, 
about a 600 Ib nominal thrust level. 
Moog Servocontrols make the thrust 
modulating control and propellants 
injector and Marquardt produces 
the chamber and tankage. 


Tools of ceramic materials were 
cast and evaluated during a three 
year study at Lockheed-Georgia. 
Except for draw die applications, all 
tooling performed satisfactorily at 
sheet metal forming temp up to 
2000° F. Final report to Air Force 
indicates that low material costs, 
dimensional stability and short cur- 
ing time, and negligible casting 
shrinkage make such materials at- 
tractive for room or low-temp form- 
ing application. 
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Vacuum and radiation effects on 
spacecraft components are being 
studied by Hughes Aircraft group in 
their vacuum train simulating high 
vacuum, the heat sink of space, 
thermal extremes, infrared, ultra- 
violet, and high energy radiation. 
Tests show what has long been 
known that the environment prob- 
lems in space on materials and elec- 
tronic components are a long way 
from being solved without resort- 
ing to artificial atmosphere around 
all components. 


Structural behavior of thin shell 
housings at high temp can be pre- 
dicted with method developed by 
Dr. William A. Nash, professor of 
engineering mechanics at University 
of Florida’s Engineering and Indus- 
trial Experiment Station. 


Super magnet weighs only one 
lb but produces a magnetic strength, 
or flux density, of 43,000 gauss. 
New superconducting magnet runs 
on an ordinary automobile storage 
battery. Westinghouse claims that 
for its size, weight and energy con- 
sumption, this small coil of wire is 
by far the most powerful magnet 
ever built. 


Honeycomb sandwich rocket 
case under study by North Ameri- 
can Space and Information Systems 
Division. Work being performed 
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for Air Force Aeronautical Systems 
Division’s Manufacturing Technol- 
ogy Laboratory. Three phase study 
starts with feasibility investigation, 
construction and test of subscale 
models, and a full-scale model test 
program with static firings. 


Rocket motor case, of high- 
strength steel, has been successfully 
tested by Pratt & Whitney. The 
case demonstrated measured stresses 
as high as 311,000 psi. Three full- 
scale cases of forged vacuum-re- 
melted H-11 steel were pressure 
tested to destruction in the program. 


Materials strength is now known 
to be governed by atomic-sized de- 
fects called dislocations. Recent 
studies at Rias Div. of The Martin 
Co., have shown that aqueous solu- 
tions of fatty acids can be used to 
control and reveal the motion of in- 
dividual dislocations. 


Nickel alloy steels, containing 
18 to 25 per cent nickel, have ex- 
cellent mechanical and fabrication 
qualities. Produced by Mar-Aging, 
a process which combines a mar- 
tensite transformation with simple 
aging treatments, developed by In- 
ternational Nickel Company. 


Closed-circuit TV is being used 
to speed procurement of equipment 
spare parts at government-contrac- 
tor conferences. Technique enables 
conference members to view the 
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same drawing simultaneously. An 
estimated $4500 per meeting is 
saved in preparation costs, time, and 
manpower requirements. Confer- 
ence shown is attended by repre- 
sentatives of USAF, Royal Cana- 
dian AF, and General Electric Co. 


Nuclear thermoelectric power 
system uses the spontaneous decay 
of a radioisotope to produce heat. 
Heat is converted thermo-electrical- 
ly to produce 50 to 60 watts for 
three months’ life. Westinghouse 
developed package for use on the 
moon. 


World-wide television antenna 
capable of sending usable signals 
500 miles without signal boosters in 
between claimed by Boeing Com- 
pany’s antenna department. First 
sale of a 30 ft size tropo-scatter 
antenna is to Page Communication 
Engineering for use in overseas 
Army installation. 


Ablative thrust chamber for 
liquid rocket engines in which 
changing nozzle dimensions can be 
predicted and controlled to accepta- 
ble limits has been announced by 
United Technology. Simple _fila- 
ment wound light weight chamber 
withstood 4.5 minute firing on a 
2,200 pound thrust engine recently. 


Space feeding containers can 
withstand temp ranges from zero to 
190° F. Built by Continental Can 
Co. the feeders will be part of an 
experimental space kitchen built by 
Whirlpool Corp. The space kitchen 
will store, refrigerate and heat all 
foods and beverages required by a 
three-man crew on a 14-day flight. 
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Vertically-pointing radar, TPQ- 
11, detects cloud bases and tops 
from 500 up to 60,000 ft. Air 
Force’s Electronic System Div. is 
testing the radar at Hanscom Field. 
Radar was built by Olympic Radio 
and TV. 


PRODUCTION 


Technique for welding thick 
aluminum plate using large-diam 
welding filler has been developed 
by Kaiser Aluminum’s Metallurgi- 
cal Research Dept. Welding costs 
under the new method are said to 
be reduced because weld filler de- 
posit rate of 15 lb/hr are attained, 
as compared to 5 to 10 Ib for con- 
ventional gas metal-arc welding, and 
can be extended to over 20 Ib on 
special applications. 


Vacuum arc furnace, with lazy 
Susan design allows ingot removal 
by rotation of the crucible. Simul- 
taneously, a new crucible is rotated 
into position. Consolidated Vacuum 
Corp. is building the furnace for 
Special Metals, Inc. The furnace 
will produce an ingot weighing up 
to 10 tons, with a diam of 32 in. 
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Are you considering reinforced plastics 


for high-reliability parts and assemblies? 


TAYLORON® MATERIALS BELONG IN YOUR PLANNING 


Tayloron materials are designed to excel in the ablation and 
thermal insulation requirements of missiles, rockets and 
spacecraft. They are available in sheet, plate, rod, tube, 
molding or preimpregnated form or as finished parts. And 
assemblies are not limited to the use of laminated plastics 
alone, but can include metals, rubbers and other materials 
in combination with Tayloron materials. 


HOW TAYLOR CAN HELP YOU 


Reinforced Plastics We can supply a wide variety of lami- 
nate combinations for any test and evaluation program. 
Some are standard products, others are sophisticated varia- 
tions of resin formulation, reinforcements, and fabrication 
methods. Years of experience in almost every thermosetting 
resin formulation and in all reinforcements, including as- 
bestos, graphite cloth, and hi-silica content glass cloth, en- 
ables us to supply you with a material custom designed for 
your requirement. Properties of several outstanding 
Tayloron grades are shown on the following pages. 


Filament Winding We can also design and produce proto- 
types or production quantities of filament-wound structures. 
Our Filament Winding Division will work with your basic 


ADVANCED MATERIALS DIVISION 


REINFORCED PLASTICS 
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idea—develop it into a successful structure of filament 
winding alone or filament winding in combination with 
Tayloron materials, metals and other materials. 


COME TO US WITH YOUR PROBLEMS 


We are a completely integrated organization. We make our 
own resins, have extensive manufacturing, molding, form- 
ing, laminating, machining, and filament winding facilities. 
Two manufacturing plants—one in Norristown, Pa., the 
other in LaVerne, Calif.—assure you of good delivery and 
a dual source of supply wherever you may be located. 


We maintain separate laboratories devoted to applied re- 
search in resin formulation, matrix composition, adhesive 
bonding systems, cellulose chemistry, and new material 
evaluations. Our Government-approved testing laboratories 
work closely with customers in developing reliable test 
methods. 


Our facilities are at your disposal. If development work is 
needed, we will put a team on it at once. You can be assured 
that any facts you give us will be held in strictest confidence. 
Write the Advanced Materials Division outlining your spe- 
cific problem. Taylor Fibre Co., Norristown 50, Pa. 


FILAMENT WINDING 
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Advantages of Tayloron 
Reinforced Plastics in 
high-performance assemblies 


High strength-to-weight ratio. In terms of weight, 
reinforced plastics are considerably stronger than 
most metals. Moreover, their strength characteris- 
tics may be directed where stresses demand. In fila- 
ment or tape wound shapes, highest properties may 
be obtained. 


Good ablation qualities. The capacity to keep on 
performing their basic function despite loss of 
some of their structure is an important characteris- 
tic of some reinforced plastics. Tayloron materials 
can be selected for various degrees of ablation 
and/or thermal insulation properties. 


Low heat transfer. This, under extremely high 
temperatures, makes Tayloron ideal for protecting 
structural members in missiles. 


Excellent corrosion resistance. High resistance to 
both atmospheric and chemical corrosion is a fea- 
ture of reinforced plastics. This is particularly im- 
portant in structural members where corrosion 
could generate failure locations. 


Comparative rigidity in cured condition. This 
property prevents the reinforced plastic part from 
bulging or otherwise deforming when high pres- 
sures or other stresses are present. Thus original 
tolerances can be maintained under adverse oper- 
ating conditions. 


Ease of fabrication. A wide variety of shapes may 
be made to close dimensions by molding, laminat- 
ing, or winding of filament or tape. Tayloron rein- 
forced plastics are readily fabricated and machined. 


" Taylor Kibre Co. 


NORRISTOWN, PA. 
WEST COAST PLANT: LA VERNE, CALIF. 
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TYPICAL PROPERTIES 


Properties 


ASTM 
Test 
Method 


, Specific Gravity D-792 


Water Absorption (% by wt.) 


Thermal Conductivity 
Btu/in./ft.2/hr./°F 


Specific Heat (Btu/Ib./°F) 
Diffusivity (250°F)(ft.2/hr.) 


Lengthwise 


(in./in./°C) 
Coefficient of Linear Thermal Expansion 


(Range: —30° to 30°C) 
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D-570 


D-790 


D-638 


D-638 


D-695 


D-695 


D-732 


D-256 


D-785 


D-953 


200°F C-177 


C-351 


D-696 


Crosswise 


(in./in./°C) 
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— a 
el 
ay i 
, 
Ultimate Flexural Strength (psi) 7 
Lengthwise 
Ultimate Tensile Strength (psi) mz 
Ps Ultimate Tensile Modulus (psi) — 
Ultimate Compressive Strength (psi) mz 3 : 
a —— — 
Perpendicular 
Shear Strength (psi) | " 
Parallel 
Be Izod Impact Strength (ft-1b./in. of notch) — “f 
i Rockwell Hardness | 
eA Bearing Strength (psi) | 
150°F 
CS | 
ee 
: a ag : 
a —_= - 
i : 
: =  - 


OF TAYLORON MATERIALS 


: Laminated Molding Laminated Molding Laminated Laminated 
— Tayloron Tayloron Tayloron Tayloron Li og — = bs ~ — Lis = a5 
5000 5033 5031 5033 5031 


Combination of asbestos, nylon and phenolic resin Asbestos and phenolic resin | Silica and phenolic resin is rat 


t 17,000 11,000 12,000 38,000 12,700 
8,000 15,500 
8,600 


= p= [ss = * [= Do 


ms 13.7 x 105 0.8 x 106 0.3 x 106 2.4 x 10¢ 3.7 x 105 3.1 x 10¢ 
tt 0.8 x 106 0.7 x 106 2.7 x 10 
mel at nd al 


4.2 x 105 0.3 x 10¢ 0.3 x 10 } eax =e 8.0 x 105 7.2 x 105 1.6 x 106 ura | eon | ian | 


eT dl ee ee ened 
ee. | el a | et 
ae 


163x105 | 280x105 | .358x 105 7.35x10-5 | .94x 10-5 
3.7 x 10-5 .80 x 10-5 
col 1.62 x 10-5 644x105 | 71x10 


NOTE: Typical properties for laminated sheet and molded material based on '% in. thickness for 
all grades except Tayloron PR Laminated Sheet, which is based on % in. thickness. 
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DOME and 7 


‘speed d solid-p opellant » 
mleaite.capabiliells 4 


Eocene 


OUT OF HIGH-STRENGTH 
STEELS AND TITANIUM ALLOYS 


Dome and closure components, forged and 
machined by Wyman-Gordon in both low- 
alloy, high-strength steels and all-beta Tita- 
nium—have contributed measurably to our 
present status in solid-fuel missile develop- 
ment. Research is continuing for the pur- 
pose of adapting new materials to these 
applications. Wyman-Gordon engineer- 
metallurgists are available to counsel on all 
phases of forging such critical-service parts. 
Their assistance can help extend ultimate- 
strength limits of your space designs. 


EST. 1883 


Ww YMAN - GORDON 


FORGINGS 
‘ of Aluminum Magnesium Steel Titanium... and Beryllium Molybdenum Columbium and other uncommon materialst 
HARVEY ILLINOIS WORCESTER MASSACHUSETTS DETROIT MICHIGAN 


GRAFTON MASSACHUSETTS LOS ANGELES CALIFORNIA PALO ALTO CALIFORNIA FORT WORTH TEXAS 
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ANTENNA MARKET 


Large ground-based communi- 
cation antennas are commanding an 
important part of the overall elec- 
tronic market. Reason is the grow- 
ing interest in world-wide commu- 
nications via satellite relay sta- 
tions. Figures are based on detailed 
cost analyses by GE, ITT, and 
AT&T. Also a sizeable budget 
awaits weather bureau, to establish 
an operational world-wide satellite 
network including several ground 
readout stations. 

Conservative values are due pri- 
marily to an absence of funding in- 
formation on a major communica- 
tions satellite program under Air 
Force cognizance. 


WORLD AIRLINER MARKET 


Some Major Customers and What They 


TABLE | 
TURBOJET-POWERED AIRCRAFT 


This particular program (CSAR) 
is to be tied into Air Force’s stra- 
tegic alert system (SR-178) and 
could become heavily funded. 


Calendar Year Dollars 
1961 8,000,000 
1962 12,000,000 


A SINGLE REPRINT 


of the Market Planning pages is avail- 
able as long as the supply lasts. Write 
on company letterhead to: Editor, 
AEROSPACE MANAGEMENT, 56th & 
Chestnut Sts., Phila. 39. Pa. 


Will Buy 


Me) Lf oe a a eer 


Tracking Antennas—Major por- 
tion of this market stems from the 
annually increasing procurement, by 
DOD and its major agencies, of ra- 
dar systems. Antennas account for 
about 15 per cent of the system’s 
cost. 

During the next few years, re- 
placement contracts will be let 
which could conceivably equal the 
existing basic market volume. 
Again, picture is conservative. 


Calendar Year Dollars 
1961 140,00,000 
1962 187,000,00 


Based on Fairchild Stratos Corp. 
survey 


TABLE I! 


TURBOPROP-POWERED AIRCRAFT 


In Service 
(as of 5/15/61) 1961 1962 


BAC 111 -= - 
Bozing 707 153 8 40 
Boeing 720. 36 57 14 
Boeing 727. . —~ - — 
Caravele 77 32 7 
Comet 49 6 1 
Convair 880 31 17 1 
Convair 990 - 4 33 
oc-8. 134 21 13 
Trident _ an 
vc-10 = - - 
Totals 480 145 109 


Airline Aircraft 


Boeing 707-123 

Boeing 707-023(720 

Boeing 707-0238 (7208) 

Boeing 727 

Convair 990 

Lockheed Electra 

D.H. Comet 48 

D.H. 121 Trident 

Armstrong Whitworth 
A.W. 650 Argosy 

Bristol Britannia 312 

Handley Page Herald 
Series 100 

Vickers Vanguard 951 

Vickers Vanguard 953 

Vickers Viscount 701 

Vickers Viscount 802 

Vickers Viscount 806 


American Airlines (U. S. A.) 


BEA (U.K.) 
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To be Delivered 


To be Delivered 


a 


In Service 1963 Total 
(as of 5/15/61) 1961 1962 Onwards by Type 
1963 Total Argosy 3 5 2 - 10 
Onwards _ by Type Avro 748 .... — 15 5 - 20 
-_— -_—-—— Britannia 58 - — 58 
Canadair CL-44D4__. 17 17 
10 10 Canadair-Convair 540 8 8 
- 201 (Eland) 
_ 107 Electra. 147 10 — 157 
117 117 Herald. . 7 7 _ 14 
116 Fairchild F-27 54 2 _ 56 
56 Fokker F .27_.. 59 28 6 83 
49 1118... 6 — - 6 
37 Super Convair 5 5 
168 (Allison) 
24 24 Vanguard. 16 24 3 — 43 
52 52 Viscount... . 368 6 4 - 378 
203 937 Totals. 114 114 27 - 855 
In Service To be Delivered 
Engines May 1961 1961 1962 1963 1964 Remarks 
4x P&W JT3 24 — — | Being fitted with JT3D turbofan 
4X P&W JT3 10 10 — f engines. 
4X P&W JT3D ~ 15 - ~ 
4 xX GE CJ-805-23 = 4 21 - -- 
4 X Allison 501 28 — - — 
4 X R-R Avon 525 10 4 ~ - 
3 X R-R RB. 163 Spey _ -- - 24 Delivery due to begin 1963. 
4 X R-R Dart 526 - 1 2 - _ 
4 X B-S Proteus 760 Series 1 - _— _ Chartered from BOAC 
2 < R-R Dart 527 - 3 — - Ordered by Ministry of Aviation 
for operation by BEA. 
4 X R-R Tyne 506 6 — - _ 
4 xX R-R Tyne 506 - 14 _ _ _ 
4 X R-R Dart 506 24 - _ — 
4 x R-R Dart 510 0 - _ = — 
4 X R-R Dart 520 19 _ - 


a et ieee 


World Airliner Market continued on page 22 
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7 Yet weight and size are critically important, 
too. You want to use as little insulation as 
you possibly can. The less —— weight, 

a the further the missile will go, or the more pay- 
ASSIGNMENT: load it will carry. And the thinner the insulator, 
the more fuel you can pack in. Which again 
means more distance or payload. 


Keep a ragin g The best insulator yet found is rubber. The 


rocket heat attacks the rubber to form a layer 
of char or ash that has a high insulating value. 
rocket blast As this char is carried away by the rocket 
blast, new char is continuously being formed 
from the remaining rubber. Ideally, the entire 


from destroying insulator is used up at exactly the moment 


the fuel burns out. 


the case that holds it There are ashes...and ashes 


U.S. Rubber scientists have developed an 
insulator system that is at least twice as effi- 
cient as that previously used. It will enable 
solid fuel missiles to cut insulator thickness in 


3 half. To fly further. To carry more. It should 
How U.S. Rubber makes a peer Se a rgeenipeigon: feral bony 
missile fly further by putting required. 


The secret? Salt. 


Drawing upon its unequalled experience in 
the development of chemical ‘‘blowing”’ agents 
for rubber and plastics, US has incorporated 
j special chemical salts in its insulator compound 
LSS SE SS 5S Se to produce a simple, yet highly rewarding effect. 


As the virgin insulator compound is attacked 
by the heat of the motor, it is automatically 
transformed into an open, sponge-like consis- 
tency just before it turns to char. The result 


a little salt on its tail 


On the inside is the solid fuel. On the outside 
is the rocket motor case. And everything in- 
between is a problem. 


Because the burning fuel goes as high as is a “structured” char or ash with much su- 
6000° F, and the case itself can’t take much perior insulating properties. 
more than 300° F, you’ve got to insulate one 
from the other. 


And that’s not all. As gas is formed during 
this continuous, automatic ‘“‘blowing”’ process, 
it passes through the layer of char to form an 
additional cooling film between the burning 
fuel and the char itself. Thus, with the creative 
application of experience and a known principle, 
U.S. Rubber has been able to double the ef- 
fectiveness of rocket motor insulators. 


Even at this writing, still further creative 
approaches to this whole general problem of 
“sacrificial” insulations are being explored, 
promising still further achievements in the days 
ahead. With one of industry’s most advanced 
research and development organizations... 
with broad investigative and productive facili- 
ties in chemistry, rubber, textiles, and plastics, 
U.S. Rubber has had long experience in sup- 
plying America’s defense establishment. 


For information on any U.S. Rubber product, write 
Product Information Center or call CIrcle 7-5000. 


A-Combustion 8-Transpirational Cooling Film 
cC-Char Formation D-Virgin Insulator E-Rocket Case 
Char alone reduces temperature approximately 2500°! 


(US) United States Rubber 


Rockefeller Center, New York 20, New York 
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Airline 
BOAC (U.K.) 


British United Airways 


Braniff Airways (U.S.A.) 


BUA 

Caribair 

Civil Air Transport (Formosa) 
CMA (Mexico) 


Continental Airlines (U. S. A.). 
Delta Air Lines (U.S.A.) 
Eastern Air Lines (U.S.A.) 
Ghana Airways 


JAL 
KLM (Netherlands) 


National Airlines (U.S.A.) 
Northeast Airlines (U.S.A.) 
Northwest Airlines. 


Pakistan International Airlines 


Pan American World Airways 
U.S.A. 


Qantas ‘Australia 


Sabena Belgium 


SAS | Scandinavia 


Swissair 


Trans Australia Airlines 


Trans Canada Airlines 


TWA (U.S.A.) 


United Air Lines (U.S.A.) 


Western Air Lines (U.S.A.) 
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Aircraft 


Boeing 707-436 
D.H. Comet 4 
Vickers VC-10 
Vickers Super VC-10 
Bristol Britannia 102 
Bristol Britannia 312 


BAC 111 
Bristol Britannia 307 
Bristol Britannia 317 
Vickers Viscount 732 
Vickers Viscount 736 
Vickers Viscount 804 
Vickers Viscount 831 
Vickers Viscount 833 
Boeing 707-227 
Boeing 707-027 (720) 
Lockheed Electra 

. 10 


Convair 540 
Convair 880-31 
D.H. Comet 4C 


Boeing 707-124 
Vickers Viscount 812 
Convair 880-22 
DC-8 Series 10 
Boeing 707-025 (720) 
Boeing 727 

DC-8 Series 20 
Lockheed Electra 
Boeing 707 420 
Vickers VC-10 
Bristol Britannia 309 
Bristol Britannia 312 
Ilyushin IL-18 
Vickers Viscount 838 
DC-8 Series 50 


DC-8 Series 30 


DC-8 Series 50 
Fokker F-27 
Lockheed Electra 


DC-8 Series 20 
DC-8 Series 50 
Lockheed Electra 
Vickers Viscount 798 
Convair 880 22 


Boeing 707-0208 (7208 


DC-8 Series 30 
Lockheed Electra 
Boeing 707-321 
Boeing 707-0208 7208 
Fokker F-27 


Boeing 707-121 
Boeing 707-321 


Boeing 707-321B 
DC-8 Series 30 
Boeing 707-138 


Boeing 707-1388 
Lockheed Electra 


Boeing 707-1208 
Boeing 707-329 


Sud Caravelle 6 
Convair 990 


DC-8 Series 30 
Sud Caravelle 1/1A 
Sud Caravelle 3 


Caravelle 


Convair 880-22M 
Convair 990 


DC-8 Series 30 

Sud Caravelle 3 
Fokker F-27 

Fokker F-27 
Lockheed Electra 
Vickers Viscount 720 
Vickers Viscount 756 
Vickers Viscount 816 
DC-8 Series 40 
Vickers Vanguard 952 
Vickers Viscount 724 
Vickers Viscount 757 
Boeing 707-131 
Boeing 707-131B 
Boeing 707-331 
Boeing 707-331B 


Boeing 707-0208 (720B) 


Convair 880-22 
Boeing 707-022(720) 
Boeing 727 

DC-8 Series 10 
DC-8 Series 20 
DC-8 Series 50 

Sud Caravelle 6R 
Boeing 707-120 


Boeing 707-0208 (7208) 


Lockheed Electra 


Engines 


 R-R Conway 508 
X R-R Avon 524 

x R-R Conway 540 
x R-R Conway 540 
X B.S. Proteus 705 
x B 
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Remarks 


Delivery due to begin 1963. 
Delivery due to begin 1964. 


*Two additional Britannias on 
charter: one to BEA, one to 
British West Indian Airways. 

Delivery due to begin 1964. 


*Two additional Comet 4C’s leased 
to Guest Aerovias. 


Delivery due to begin 1963. 


Total fleet of 5, one lost in airport 
accident. 
*One additional DC-8 chartered 
to VIASA. 


Cargo/passenger version. 
*One additional Electra chartered 
to Air Ceylon. 


Lease-purchased from manufac- 
turer. 


Leased from Pan American. 


One F-27 is a cargo/passenger 
version. 

*Two additional 707-121's leased 
to AVIANCA. 

“One additional 707-321 leased 
to Pakistan International. 


Being fitted with JT3D turbofan 
engines. 

“Leased from manufacturer. 

*One additional Electra chartered 
to TEAL (N.Z.) 

Total fleet, 11 Boeings. 

*One additional! 707-329 chartered 
to Persian Air Services. Total 
fleet of six; one destroyed. 


*Two of these to be leased from 
Swissair. 


“Eight additional Caravelles or- 
dered for operation by Swissair. 
Total order of 23, eight for Swiss- 
air. 
To be leased from manufacturer. 
*Two additional Convair 990's to 
be leased to SAS. 


Ordered by SAS. 


To be leased from manufacturer. 


Delivery due to begin 1963. 


Leased from manufacturer. 
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Business Activity 


NASA Follows Industry/Service Lead 


Major organizational changes 
have been made in NASA. Accord- 
ing to James E. Webb, NASA Ad- 
ministrator, realignment of head- 
quarters technical program offices 
will provide clearer focus and 
greater emphasis on NASA’s major 
programs. Directors of R & D cen- 
ters will have an increased voice in 
policy making and program deci- 
sions. 

D. Brainerd Holmes, new 
Director of Manned Space Flight 
Programs, has _ responsibility for 
over-all systems engineering and 
evaluation for various manned space 
flight projects. This includes even- 
tual manned lunar landings em- 
braced in Project Apollo. 

Other personnel changes include 
the appointment of: Ira H. Abbott 
as Director of the Office of Ad- 
vanced Research and Technology; 
Dr. Homer E. Newell as Director 
of the Office of Space Sciences; 
Thomas F, Dixon as Deputy As- 
sociate Administrator; Dr. Abe Sil- 
verstein as Director of the Lewis 
Research Center; Robert R. Gilruth 


as Director of NASA’s new Manned 
Spacecraft Center in Houston, 
Texas. 

These changes place new em- 
phasis on four major areas: 

(1) Manned space flight, in- 
cluding lunar exploration. 

(2) Space sciences, in terms of 
unmanned scientific investigation of. 
space, the moon and the planets. 

(3) Practical applications of 
space technology, including opera- 
tional weather and communications 
satellites. 

(4) Advanced research and 
technology in both aeronautics and 
space. 

Within his particular program 
area, the director will establish tech- 
nical guidelines, budget and pro- 
gram funds, schedule each project, 
and evaluate progress. 

New plans integrate responsibil- 
ities of the Office of Life Sciences 
into each of NASA’s programs. 

Mr. Webb said, “This assures 
a more intimate working relation- 
ship and consideration of the re- 
quirements of the life sciences in 


NATIONAL AERONAUTICS. AND SPACE ADMINISTRATIO*: 


Robert C. Seamans, Jr. 
Associate Admin. 


Thomas F. Dixon 
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the areas of basic research, ad- 
vanced technological development 
and support of flight operations.” 
Aerospace medicine will be a re- 
sponsibility of the Office of Manned 
Space Flight; space biology, the 
Office of Space Sciences; arid ad- 
vanced life support systems, the 
Office of Advanced Research and 
Technology. 

Webb pointed out that the 
changes followed careful analysis 
and study of industry and govern- 
ment experience in organizing and 
managing large, complex technologi- 
cal programs such as the Special 
Projects Office of the Navy (Polaris) 
and Air Force Weapons Systems 
Management. 


More Value— 
Lower Costs 


Soaring costs of bolstering Ber- 
lin’s defenses are boosting military 
cost-cutting efforts. 

Even a tighter “get more for 
your money” program will not keep 
defense outlays from reaching a 
new post-world War II high of 
around $50-billion in fiscal 63. 
But, there is hope of keeping some 
costs down by shutting down un- 
needed installations and centraliz- 
ing military buying. 

Some efforts, like Project Money 
Tree, have already proved effective 
to some extent. Air Force Logistics 
Command reported a harvest of 
$119-million from just one quar- 
ter’s operation of Money Tree (AM, 
July 1961). 

Plans are being laid for relax- 
ing ASPR regulations to give con- 
tractors greater incentives for im- 
proving performance and lowering 
costs. Efficient, economical perform- 
ance by a contractor may be re- 
warded by an added fee. A poor 
showing might result in a penalty. 
Current wide usage of cost-plus con- 
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tracts will probably be cut down. 

The shopping list of the all-serv- 
ice Defense Supply Agency will be 
increased. Food, clothing, petro- 
leum, medical, automotive and con- 
struction supplies comprise the in- 
itial list. Procurement of electronic 
and electrical equipment, as well as 
transportation management, will be 
the next additions. Aviation parts 
and chemical supplies may be added 
later. By 1965, annual operating 
savings are expected to reach $50- 
million. 

Single-source procurement is in 
for further cuts too. It now accounts 
for about 60 per cent of all defense 
contracts. Procurement of aeronau- 
tical parts bought competitively 
could be increased as much as 30 
per cent. This would be another 
$50-million saving. 

Navy found a second source for 
its Sidewinder missile. About 30 
per cent of the cost of each missile 
was knocked off. Major contractors 
now are Philco Corp. and General 
Electric Co. 

Greater use of incentive-type 
contracts will add to savings. 

Higher profit for contractors 
is the most basic answer. Theoreti- 
cally profits can go up to 15 per 
cent for R & D and 10 per cent 
for production. In reality the aver- 
age is about 10 per cent for R & D 
and 7 per cent for production. 


Tri-Service VTOL 


Army, Navy and Air Force are 
sharing a $70-million _ tilt-wing 
VTOL transport development proj- 
ect. Each has put up $7-million for 
fiscal 61 and 62. The $70-million 
would cover fabrication of five air- 
craft. 

The Air Force will have man- 
agement responsibility. Vought- 
Hiller-Ryan team has been selected 
for development and fabrication. 

In addition to taking off and 
landing vertically, the transports 
will cruise at 250-300 knots and 
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will have a radius of action of 200- 
300 miles with up to 8000 Ib pay- 
load. 

Air Force management was de- 
cided upon when technical evalua- 
tions indicated that meeting Navy’s 
carrier compatibility requirements 
would be difficult. Initial prototype 
will meet needs of Army and Air 
Force and have capability of meet- 
ing Navy’s requirements in the 
future. 

A supplementary research pro- 
gram is also being considered to 
evaluate more advanced concepts of 
VTOL aircraft, based upon designs 
submitted. If one or more addition- 
al configuration is selected for 
further development, the total pro- 
gram may exceed $100-million. 


Westinghouse Electric Co. has 
formed a new Space Materials De- 
partment at Pittsburgh. David C. 
Goldburg will serve as director, 
Roger A. McIntyre as associate. 


M. O. Kappler, pres., System 
Development Corp.: “. . . we're 
doing a sloppy job of operating 
big organizations in this coun- 
try.” He called for improved in- 
formation processing systems 
based on strong study of “what 
the user really wants and needs 
and not a warmed-over adapta- 
tion of what is already available.” 

Gen. Orval R. Cook, USAF 
(Ret.): “NASA has started to 
work on one of the Nation’s most 
critical space programs, Apollo. 
A nebulous price tag of $20-bil- 
lion has been tied to this effort 
to place an American on the 
moon, and get him back to earth, 
and there are many responsible 
people who believe much more 
will be spent before the first trip 
is completed.” 

Maj. Gen. David A. Burch- 
inal, USAF, Director of Plans: 
“.. . Our resources in scientific 


McDonnell Aircraft’s earnings 
for fiscal 61 reached $12,109,357. 
New $180-million contract for F4H 
Phantom II extends production 
through 1963. Navy also indicated 
that production of Talos missiles 
will be increased. McDonnell builds 
airframe and ramjet for Talos. 


NASA picked Houston, Texas 
as the site of a $60-million lab 
which will serve as command cen- 
ter for manned flights to the moon. 
NASA also chose the government- 
owned Michoud, La., ordnance 
plant for production of Saturn S-1 
booster stages. 


Pratt & Whitney Aircraft divi- 
sion of United Aircraft Corp. has 
established a facility to develop new 
materials for aircraft, space and in- 
dustrial powerplants of the future. 
The new lab in North Haven, Conn. 
will be headed by Dr. Maurice 
Shank, formerly of MIT’s mechani- 
cal engineering dept. 


Aerojet-General Corp.’s sales 
for the first nine months of 1961 
totaled $348,458,624, an increase 
of 13 per cent. Earnings per share 
of common increased to $1.92. 


manpower, laboratories and other 
facilities are not unlimited. They | 
must be carefully husbanded, 
their efforts integrated and closely 
managed with purpose and clear 
objectives to make maximum | 
progress in minimum time.” 


Dr. Arnold O. Beckman, | 
pres., Beckman Instruments: 
“Although loyalty and honesty 
can’t be legislated, nor ideas | 
created or extinguished by legal | 
fiat, more detailed legal ground | 
rules may be needed to deal with | 
the transfer of employment, par- [| 
ticularly of persons in sensitive | 
areas involving ideas, know-how | 
and trade secrets. . . . It is impor- 
tant, therefore, that our laws pro- | 
vide adequate security against un- { 
fair loss of idea-capital on termi- | 
nation of employment without | 
depriving an employee of his just | 
rights.” 
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MAJOR CONTRACTS 


CONTRACTOR VALUE FROM PROJECT PRODUCT/SERVICE CONTRACTOR VALUE FROM PROJECT PRODUCT/SERVICE 
(Millions) (Millions) 


Adler Electronics. 5 Army AN/TSC-20 Communications centrals GOB ovcciee 03.50 2.0 Navy Terrier Target detecting system 
7 AF AN/MRC-85 Tropospheric Scatter iron Fireman's a, 
6 RCA - com-systems Aircraft Div..... 1.7 Boeing 727 Parts and assemblies 
Aerodex 6.5 AF _ Engine overhaul 
3.2 AF - Engine overhaul Kolisman Instru- ; : 
Aero-Jet General. 4.6 Army = Classified production ment Corp...... 9.0 NAA Hound Dog Celestial nav devices 
Ameico.......... 5 Navy - Nav computer 
American Air- OPE, ORR... 08 oy = —- } senaer$ nav =e 
motive......... 3.6 AF C-45 Maintenance 1. ~ round supp 
American Machine Lear Inc. 2.0 AF KC-135 Flight control system 
& Foundry...... 3 Na _ Aircraft inverters Ling-Temco- 
American Machine ” Vought......... 58.0 Nav Crusader Production ’ 
& Metals....... 8 AF _ Automatic parachute 1 NASA Saturn Environmental studies 
release devices Lockheed Aircraft 10.6 Navy GV-1 — ~~ iaiemammame 
American Optical. 1.1 Spe Mars racking optical tele- ansports 
‘ =— oe r 92.7 Navy P3V-1 Orion production 
5 NASA = Vacuum chamber and 17.4 Navy Polaris Production , 
optical bench 8.2 Navy Polaris Logistics and engineer- 
1 NASA _ Gyro test stand ing services 
RN: sok 2.0 _ Dyna-Soar Magnetic memory 2.1 AF F-104 Pylons — 
systems 13.3 Navy P3V-1 Production 
Amphenol-Borg Loral Electronics. 5.0 Navy/AF - ECM development and 
FXR Div........ 3.0 Sperry Mars Radar transmitters Production 
eee eee 1.0 AF _ Army aircraft engines 5 
1.7 AF Chinook Helicopter engines Sa 7.0 Navy Polaris Guidance R & D 
1.6 AF H-43B Helicopter engines Magnasync...... 1.6 AF — Traffic control recorders 
1.5 Bell Tel Nike Zeus Re-entry studies Magnavox Co... . 22.1 Navy — Sonobuoys 
3 AF - Drag alteration studies Martin Co....... 16.1 Navy Bullpup Preduction 
Babcock Elec- 12.7 Army Pershing R&D , 
tronics........ 3.3 Navy - Support equipment and 8.0 Army Pershing Production 
1.2 Navy _ spare parts 1.5 AF GAM-83 Training missiles — 
3 NASA Saturn Heat exchanger units 
Bendix Corp...... 5.0 Sikorsky HSS-2 Helicopter sonar 1 Navy Autec Navigation aids 
10.8 Navy Typhon Development Mason & Hanger. 5.0 Army Hawk Warheads 
Beryllium Corp... 1.0 Western — Parts for undersea cable Nike Hercules é 
system McDonnell Aircraft 180.1 Navy F4H-1 Production 
pete a Lae 3 NASA _ Antenna feasibility study Motorola, Inc... . 6.3 Navy _ Sonobuoys 
lount Bros. 
Construction. . . . 15.2 NASA Saturn Canaveral launch com- North American eke 
plex Aviation........ 1.6 Navy T-28B Modification 
Boeing Co....... 4 AF = Research, large boosters 140.0 NASA Saturn Liquid second stage for 
Brooks & Perkins 1.8 AF C-130B Testing and parts C-3 Saturn 
Canadian Com- 6.8 AF F-100 Pylons 4 
mercial......... 1.1 Navy _ Sonobuoys 3.0 Navy = Navigation systems 
Chrysler Corp... . 10.6 AF Jupiter Installation, checkout 8.1 AF GAM-83 Launchers and kits for 
Collins Radio... . 5 Navy _- Oscillators trainers 
Cornell Aero- Northern : 
nautical........ 4 Lockheed C-141 Wind tunnel tests Ordnance, Inc... 9.0 Navy Tartar Launching systems 
Curtis-Wright... . 1.5 AF 4-65 Overhaul jet engines Pacific Airmotive 1.0 Nato F-104G Anti-ice systems 
Polarad Elec- ‘ 
Daystrom, Inc... . a Aerojet _ Gyroscope for sounding | Eee 1.0 AF _ Radar position indicators 
rockets Gecigese<cs 14.6 AF - Operate com system 
Douglas Aircraft. . 77.0 Navy A4D-5 Skyhawk production 1.0 Navy Polaris Com system R & D 
6.9 Na A4D-2N Production Radiation, Inc... . 1.0 Grumman OAO PCM telemetry 
Dynatronics..... | NASA Saturn Telemetry Raytheon Co..... 37.3 Army Hawk Production and ground 
Electronic Specialty 2.0 Lockheed F104) Components equipment 
Emerson Electric. 1.5 Army Honest John Production 9.4 Army Hawk Engineering services 
42.4 Navy Sparrow I! Production 
Fairchild Semi- 3.3 Army Hawk Electronic components 
conductor. ..... 1.0 AF Minuteman Semiconductors ' 2.3 Navy Tartar Fire control systems 
Fluidyne ere ~ gaa 46.9 AF F-105D Production 
i rs La? a epublic Elec- 
Gagnaering.... ad —_— hae poe 6 twenles......... 1.7 AF _ Radio systems 
ponents Sanders Associates 2.1 Navy - Sonobuoys 
- » re Serv-Air......... 5.3 AF _ Vance AFB operation 
General Dynamics 59.1 Navy Terrier Production of missiles Servo Corp. of 
25.0 - Tartan and spare parts America........ 1.7 FAA — Direction finder 
Sierracin Corp... . 2.0 Nihon YS-11 Windshield and cockpit 
General Electric. . 9.0 Thiokol Minuteman First stage cases for Japanese transport 
5.2 Navy Sidewinder Guidance and contro! Sparton Corp... . 14.5 Navy = Sonobuoys 
8.8 Navy SQS-26 Sonar sets Sperry-Rand.... . 1.6 AF _ Instruments 
2.6 AF _ Search radar 12.0 Navy _- Navigation sub-systems 
4.0 AF _ Trajectory measurement 2.6 Navy Polaris Engineering 
systems 1.7 AF _ Attitude directors 
& AF _ Engine analyzer Stanford U....... 1.7 Navy/AF _ Nuclear studies 
General Instru- Sundstrand Corp.. 3.8 AF _ Engine starters 
ments.......... 2.0 Navy -_ Sonar transducers Sylvania Electric.. 7.2 AF - Receiving equipment 
-5 Navy - Radar equipment 1.6 AF a and tubes 
General Motors. . 2.0 AF Titan — guidance Technical Opera- 
maintenance : 
10.9 Thiokol Minuteman Rocket cases ae. -..-- we ad Omega — — 
General Precision 1.3 AF B-58 Instrument components Thiokol Chemical. 1.0 Navy Bullpup B Liquid rocket engines 
1.3 AF - Maintenance trainers Thompson-Ramo 
General Telephone Woolridge...... 2.0 Navy Transit Control computer 
& Electronics. . . 7.0 AF _ Receiving equipment system 
B. F. Goodrich. . . 2.2 AF Sidewinder Rocket motors and air- Veer Cone Se... sa Seeing = 7 Fins, rudders 
craft equipment Ss a B-52 Flap units 
Goodyear Aircraft 9.2 Navy Subroc Components 2.6 Vought F8U-2N Wing units 
a) Boeing 727 Fuel cells | Grumman Gulfstream Assemblies 
Grumman Aircraft 1.9 AF SA-16A Modification of amphibi- 3 Minuteman, : 
ous aircraft Titan, Hawk Assemblies = elec- 
a. Na S2F. u tronic consoles 
, - ao. ee ee United Aircraft... 14.0 Navy HUS-1, HSS-2 Helicopters 
Hayes Corp... 1.7) AF B-50 C-124  Overhaulpropassemblies — = nal Helicopters 
2.2 AF F100 Pylon assemblies a ne Fuel controls 
: Universal Match. 2.1 Army Pershing Transperter-erector- 
launchers 
Hazeltine Corp... 4.7 Navy = Sonobuoys 
Hercules Powder. 6.4 Army an Propeliants Washington 
Hiller Aircraft... . 6.6 Navy H23D Helicopters Scientific....... 2 Bendix _ Aircraft instruments 
Hughes Aircraft. . 12.7 Navy — Airborne electronics Weber Aircraft. . 6 Boeing Dyna-Soar Ejection seat 
1.2 AF F-106 Weapon control com- Western Electric.. 171.3 Army Nike Zeus Development, testing 
ponent 2.1 AF _ Microwave com systems 
1.6 AF F-1-1B Antenna and sight Westinghouse 
system : Electric Corp... . 2.5 Navy -- Flight and lab test radar 
1.4 AF — . Radar components 


sets 
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QUESTIONS THAT NEED ANSWERS.... 


@ Do age old procurement laws and practices fit 
the new defense environment? 


@ Is the procurement machine capable of meeting 
the challenges thrown at it by the aerospace sci- 


entific revolution? 


MANAGEMENT 
WORR ED eo « « e GOVERNMENT 


Scientific and technical advances 
have had a devastating effect upon 
defense industry. Profits from de- 
fense work are small. More and 
more money goes for R&D and pro- 
totypes. There is little or no oppor- 
tunity for cost reduction which can 
be achieved in the course of mass 
production. Products are so com- 
plex and expensive that only big 
corporations can cope with them. 
Even the largest cannot provide 
from private resources all the funds 
and facilities needed to design, de- 
velop, and test the new weapons. 
Thus, a wholly new environment 
has been created in which the pro- 
curement process must operate. 
How well is it faring? 

The most significant legislative 
enactment since World War II was 
the Armed Services Procurement 
Act of 1947. This measure ce- 
mented into the body of permanent 
law much of the procurement flexi- 
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by Robert E. Beach, 
VP and Corporate Counsel, 
United Aircraft Corp. 


bility forced on the Government by 
wartime exigencies. The Act rec- 
ognizes 17 specific situations in 
which a contract may be reached by 
negotiation rather than by the hide- 
bound method of advertised bid- 
ding. It permits advance and prog- 
ess payments, authorizes the use of 
any kind of contract except the 
cost-plus-a-percentage-of-cost and 
unifies the rules for advertised bid- 
ding. Nevertheless, this Act has 
been under severe attack for some 
time by the Comptroller General 
and some congressmen who much 
prefer 19th century methods of pro- 
curement. 

Safety Valve—Statutory renego- 
tiation, originally a wartime safety 
valve has been continued ever since 
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The ASPR started out as a concise 
statement of principles .__. 


the war except for a couple of brief 
lapses before Korea. It has afforded 
to the Government a continuing 
means for recapturing excessive 
profits realized by contractors. 
Regulations, directives and ad- 
ministrative practices have produced 
more changes in military procure- 
ment than has legislation. Most 
authoritative of all such regulations, 
of course, is the Armed Services 
Procurement Regulation. The ASPR 
started out in life as a concise state- 
ment of principles and philosophy 
to guide contracting officers in exer- 
cising the discretion given them in 
the liberal Armed Services Procure- 
ment Act. Its subsequent expansion 
and augmentation by counterpart 
regulations in each Service have 
been accompanied by an unyield- 
ing administrative adherence to its 
forms and details until now it has 
become a strait-jacket. It is becom- 
ing impossible to get any provision 
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It has now become a strait-jacket, but 


Government hasn't stopped yet . 


The Comptroller General terrifies indus- 
try with self-righteous exposes ..._.. 


CONTROLS OPPRESSIVE 


in a contract which is not prescribed 
in a regulation or to get any devia- 
tion from a regulation no matter 
how meritorious the reason. 

A Load of Rules—Today these 
rules and regulations affect every 
phase of our business life. Engineer- 
ing and production are swamped 
with hundreds upon hundreds of 
manuals and specifications control- 
ling every step from initial concept 
to delivery and maintenance of a 
product. Accounting is badgered 
with demands for statements, re- 
ports, breakdowns, forecasts, audits 
and questionnaires. Security re- 
quirements get heavier and sillier 
every year. Research and develop- 
ment are supervised and controlled 
by Government employees who 
couldn’t possibly know as much as 
the contractor and at best can only 
impede his speed and efficiency. 
Industry’s purchasing agents must 
put aside sound judgment and com- 
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mercial practices in favor of the 
fetishes of Government procure- 
ment practices, and such extraneous 
considerations as small business, de- 
pressed areas and non-discrimina- 
tion. 

A Complex Life—Life under 
the ASPR and its satellities has be- 
come so complex and so obscure 
that it has been necessary to estab- 
lish a Board of Contract Appeals to 
hear and dispose of the thousands 
upon thousands of disputes arising 
under military contracts today. The 
published decisions of the Board are 
becoming an additional body of case 
law with which contractors and their 
lawyers must become familiar in or- 
der to understand what military 
contracts really mean. 

This present era has also wit- 
nessed the rise of the Comptroller 
General as a powerful force in the 
procurement arena. He has been 
vested with expanding powers of 
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The Government contract now controls 
all, from child labor to discrimination. . 


COVER STORY 


audit and investigation, not only in 
his traditional realm, the Govern- 
ment agencies, but also in the inter- 
nal affairs of contractors. He has 
terrified Government and industry 
Officials alike with his self-righteous 
exposes of honest mistakes made 
five years ago by officials who ap- 
parently should have known then 
what the Comptroller General can 
so plainly see now. 

The imposition on the procure- 
ment process of social and political 
measures has continued at an accel- 
erated pace. The bargaining power 
inherent in the authority to spend 
billions of dollars each year is being 
used to implement social policies 
which have little or no relationship 
to the economic function of military 
procurement. The Government con- 
tract has become an instrument for 
controlling working hours, rates of 
pay, child labor and non-discrimina- 
tion, and extending preference to 
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Government has a predilection to nose 
into intimate industry matters 


MANAGEMENT WORRIED . 


There is a deep-seated distrust of big 
business and science 


continued 


small businesses and depressed 
areas, and for executing other social 
programs. 


Intimate Decisions—lIndustry is 
also discovering in this era that the 
Government has a predilection for 
managing the affairs of industry. We 
are finding that the military like to 
make our decisions for us in such 
intimate matters as subcontracting. 
The make-or-buy policy is a prime 
example. Not so long ago one of 
the Services dreamed up a “Control 
of Production” clause which re- 
quired the contractor to submit for 
approval detailed programs for plan- 
ning, subcontracting, tooling and 
production under each negotiated 
procurement, and thereafter to 
make no change without the ap- 
proval of the contracting officer. 
Financial control is exerted by the 
military through such devices as 
price redetermination, insistence 
upon cost-type contracts, extensive 
audits, and the imposition of oper- 
ating reuirements. 

The current procurement ma- 
chine is basically the Civil War 
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model, streamlined somewhat by 
the Armed Services Procurement 
Act, but handicapped by increasing 
Government control over the man- 
agement and performance of its con- 
tractors, and by heavy pressure to 
reduce profits and to executive so- 
cial changes. It is interesting to 
speculate on the reasons why pro- 
curement has changed so little and 
why the bulk of the changes has 
been oppressive to business. The 
cause will be found in a deep-seated 
distrust—distrust of two things, big 
business and science. 

Business Gets Bigger—lIn spite 
of all the political crusading and the 
restraining legislation, big business 
today is bigger than it ever was, both 
individually and collectively. Every 


* increase in size, complexity or cost 


of a military weapon furnishes an 
impetus to enlarge the size of a busi- 
ness entity. It cannot be otherwise, 
and every intelligent person knows 
that the price of destroying big busi- 
ness is a lower standard of living 
and the loss of international weapon 
supremacy, with all that the two 
would foreshadow. 


Advertised bidding just won’t work in 
purchase of non-standard items ..... 


Fear Breeds Distrust—Govern- 
ment officials will not allow business 
to make much profit on Government 
contracts because of the fear of pub- 
lic opinion. They do not trust price 
quotations nor their own ability to 
understand the quotations or to 
negotiate any excessive profits out 
of them. Hence, the popularity of 
after-the-fact adjustments, such as 
price redetermination and renegoti- 
ation. Unfortunately, there are 
some occasional instances of fraud 
or chicanery, although the vast ma- 
jority of businesses and businessmen 
are honest. Also, it is difficult to 
distinguish between the case of an 
honest cost estimate subsequently 
improved upon in performance by 
efficiency, good management or 
good luck and the case of a dishon- 
est cost estimate. Both produce 
higher profits. So the Government 
figures the thing to do is play it safe 
and take back all profits which ex- 
ceed a very low percentage. Simi- 
larly, the distrust of business under- 
lies most of the other regulations, 
manuals, specifications, reports, in- 
spection and supervision thrust upon 
the performance of contract work 
and the management of business 
enterprise. 


Most officials in Government 
who buy and use the products of 
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The profit motive is being destroyed. 
We are headed for nationalization .... 


this scientific age do not understand 
how they work nor whether they 
will be successful. All they know is 
that they must have them. The 
Government doesn’t want to spend 
money foolishly, is never sure 
whether its spending decisions are 
sound, is continually resentful and 
suspicious of the high cost of de- 
veloping and producing advanced 
items, and doesn’t trust the contrac- 
tor anyway. In order to prevent 
fiascoes and abuses, Government in- 
sists on the right to know what is 
going on—which it achieves by vo- 
luminous reports and constant sur- 
veillance—and the right to alter the 
work or change its direction—which 
it achieves through such means as 
the “make-or-buy” and “control of 
production” clauses. It also seeks 
comfort and support by a nostalgic 
adherence to archaic procurement 
techniques. 

Worthless Majority — Actually, 
the parade of new and improved 
products from the scientific mill has 
rendered these tried-and-true tech- 
niques worthless for the majority of 
purchases. In the days of caissons 
and sailing ships, military supplies 
were generally simple, standardized 
and unchanging. If he knew the 
dimensions of a sail and the weight 
of the cloth, any sailmaker could 
fashion a suit of sails for a naval 
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vessel; and it was pretty simple for 
the Government to invite bids, 
award contracts to the lowest bidder 
and inspect the goods furnished. 
Consequently, advertised bidding 
was the accepted procurement tech- 
nique and if any one were so bold 
as to use any other method, he must 
be crooked, or lazy, and in either 
case the Government would not be 
bound by his machinations. A dis- 
tressingly large number of our con- 
gressmen entertain precisely this 
concept of procurement today. Yet 
any one actually exposed to modern 
conditions must know that adver- 
tised bidding will not work for the 
purchase of non-standard items, to 
say nothing of research and devel- 
opment where the performance and 
configuration of the final product is 
not even known. 

Negotiate!—To state the matter 
broadly, advertised bidding is un- 
suitable whenever the decision to 
procure depends on any factor other 
than price. The march of science 
has opened up many other variables 
affecting performance, durability 
and versatility. Procurement by ne- 
gotiation is the accepted technique 
under these conditions, and the only 
workable one devised to date. It is 
the method commonly used by in- 
dustry—large or small—when not 
restrained by Government rules. Of 
course, negotiation has its deficien- 
cies—it does not contain built-in 
safeguards against paying excessive 
prices or playing favorites. Nor can 
the Government ever prove that if 
someone else had been awarded the 
contract, he would not have done 
a better job. The search for a solu- 
tion to these deficiencies in the nego- 
tiation process has helped inspire 
the management interferences and 
controls which industry finds so 
stultifying. 

A look to the future—Where 
are we going? The mile post mark- 
ing the next era in military procure- 
ment is even now discernible. 
Lately there has been a great deal 
of talk about the prime contractor 
assuming the role of partner to the 
military. Sometimes the relation- 
ship is described in terms of a trust 
or some other fiduciary concept; 
and nearly always the statement is 
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made as part of a plea for closer 
cooperation between industry and 
the military or as a statement of 
good fellowship preliminary to the 
announcement of some new restric- 
tion. A former Secretary of the Air 
Force expressed it this way: 
“Procurement of the new weap- 
ons now being developed and 
produced for our national de- 
fense requires a new order of 
partnership between industry 
and the Air Force. The weapon 
system concept, as the most 
practical approach to complex 
space age weaponry, in many 
instances has meant the realign- 
ment of management responsi- 
bilities.” 


Spokesmen for industry have blithe- — ! 


ly endorsed this fiduciary relation- 
ship. One of them has said: 
“If we all realize in industry 
the responsibility that has been 
given to us by the Air Force, we 
suddenly realize the public trust 
we have—I am going to try to 
illustrate that industry is going 
to work with government, and 
despite differences of opinion, 
we are partners.” 
On the surface this concept of a 
public trust existing between the 
military and its prime contractors 
may appear to be an effective way 
of conducting defense business. If 
the contractor truly acts like a trus- 
tee, then he will be obligated to 
maintain the highest standards in the 
management of funds entrusted to 
him by his grantor, the Government, 
for the benefit of his beneficiary, the 
public. 
The Public Trust—But let’s take 
a closer look at the public trust type 
of operation. A trustee is a semi- 
public official, accountable to the 
trust beneficiary and supervised by 
a court. His primary purpose is to 
safeguard the assets of the trust at 
all costs. Secondarily he can seek 
an income through investment in 
gilt-edged securities—but never at 
the risk of loss to the principal. 
The trustee can make no profit for 
himself, his sole remuneration being 
a modest fee allowed by a court. 
Losses resulting from poor judgment 
or any assumption of risk must be 
borne by the trustee personally. 
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MANAGEMENT WORRIED . 


continued 


The whole idea of a trust devel- 
oped from the need for an instru- 
ment to manage the estates of in- 
competent persons, not to conduct 
businesses for competent persons. It 
is an inflexible device characterized 
by high ethical standards of stew- 
ardship. It is wholly unsuited to any 
business subject to changes or re- 
quiring the discretionary action on 
the part of its managers. There 
is no place for imagination, enter- 
prise or ingenuity in a trusteeship. 
Under such a system all the prizes 
are won by the cautious and the 
timid. I am convinced that if the 
public trust should ever become the 
accepted vehicle for the conduct of 
defense business, it will produce 
these results: 

@ First, the profit motive will 
be destroyed. Compensation will be 
strictly on a management fee basis. 

@ Second, competition as we 
know it today will disappear. There 
will be no competition based on 
price nor on superiority of product 
nor on efficiency or cost saving. 
What competition remains will be 
based on the size of the manage- 
ment fee and on the ability to ac- 
count for and report faithfully all 
expenditures. 

@ Third, there will be no pri- 
vate enterprise in defense business. 
By this I mean there will be no in- 
vestment of private funds in facili- 
ties needed for military items, no 
use of private resources or private 
initiative in the design and develop- 
ment of military items, no risk- 
taking of any sort. Everything will 
be planned, paid for and supervised 
by the Government. 

@ Finally, it is obvious that de- 
fense industry will have to be na- 
tionalized—it will become one big 
sprawling Government arsenal. 

No Phony Issues—Now, there 
are undoubtedly some who feel that 
these conclusions are exaggerated, 
unsound or pessimistic—that ghosts 
are being conjured up which will 
never materialize in broad daylight. 
For such doubting Thomases, | 
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would like to quote an excerpt from 
an Air Force preliminary manual 
on the subject of “Operating Philos- 
ophies and Working Relationships.” 
The section headed “Relations with 
Industry” contains this pronounce- 
ment: 

“Industry is a partner of the Air 
Force in achieving the objective of 
any system program. Along with 
all the Air Force participants, the 
effort of industry must be properly 
phased in the System Package Pro- 
gram. To achieve this objective, al! 
parts of industry’s effort must be 
controlled by the Air Force. Such 
control includes the technical, test, 
production, tooling, subcontracting 
and financial aspects. The System 
Program Office provides this control 
and includes all the functional ele- 
ments necessary to permit perform- 
ing this control. While there ob- 
viously will be many contacts be- 
tween the various members of the 
SPO, in particular, the Program Di- 
rector and the specific segments of 
industry concerned with the pro- 
gram, precise direction of the con- 
tractors must be reflected in the 
terms of the contract which applies 
to the program . . . Inasmuch as the 
contracts provide the vehicle for Air 
Force management control over in- 
dustry, it is essential that these 
documents incorporate requirements 
for management information flow 
to the Air Force, and set forth rela- 
tionships between the Air Force, the 
prime contractor, his subcontractors 
and associate contractors.” 

The Next Era—So, it is readily 
apparent that we are on the thresh- 
old of another era of military pro- 
curement—the arsenal era. We are 
being led blindly and _ trustingly 
through the portals of this new era, 
and when the gates have closed, 
there will be no returning. Is this 
the path we want to follow? Do the 
Government and “the people” 
really want this condition? Would 
it be best for the country? The 
answers are so firmly negative that 
it hardly seems they could attract 
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support. 
otherwise. 

A Rusty Machine—An inten- 
sive analysis of the whole military 
procurement machine is needed to 
discover what is really wrong with 
it and how it can be made to oper- 
ate satisfactorily. There should be 
an unbiased assessment of the scope 
and function of the military pro- 
curement practices, and their im- 
pact upon the national economy. 
Out of this should come a clearer 
perspective of the procurement proc- 
ess—a realization that it embodies 
neither the cause nor the cure for 
the growth of large business, the 
plight (if any!) of small business, 
the mounting cost of weaponry, or 
many of the other real or fancied 
ills frequently attributed to it. This 
study should be aimed at finding 
out how the traditional American 
free-enterprise, profit-motivated sys- 
tem can be made to produce the 
best results in this scientific age. 

An agenda for study might well 
include these topics: development 
of a more suitable procurement 
technique than either the advertised 
bid or negotiation as we practice 
them today; development of a bet- 
ter contract form than any presently 
used; clarification and improvement 
of the relationship between the De- 
partment of Defense, industry, Con- 
gress and the GAO so that all will 
work in concert toward common 
procurement objectives; elimination 
from the procurement function of 
extraneous social and political re- 
forms. To these we should add the 
need for a better incentive system, 
one which would reward superior 
products, technological advance- 
ment, timely deliveries and other 
important accomplishments outside 
the realm of cost reduction which is 
the primary objective of present in- 
centive plans. Undoubtedly there 
are numerous others, but these 
would do for a start. 
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But, the record proves 
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Thermal barrier against 5000'F flame 


GENERAL ELECTRIC SILICONE RUBBER 


RESULTS OF PLASMA JET TESTS AT 9,000°F 


Flight Simulation 
Vel.= 17,000 ft. /sec. 
Alt. = 250,000 ft. 


Back-side 
temperature of 
Exposure time 1 inch section of 
at 9,000°F G-E silicone rubber 


30 seconds 100°F 
2 minutes 210°F 
3 minutes 300°F 
4 minutes 375°F 
5 minutes 430°F 
6 minutes 470°F 


The surface of the tested rubber section forms The above chart shows how the high thermal in- Continued high temperature testing goes on at 
a hard, carbonaceous crust, while the underside ulation of G-E silicone rubber is maintained dur- General Electric’s Missile and Space Vehicle 
remains flexible and undamaged. Preliminary ing exposure to 9,000°F heat. It is also useful in Department in Philadelphia. Shown above is a 
tests showed the effective heat of ablation tobe mechanical and electrical applications at tempera- typical specimen undergoing plasma jet testing 
eight times better than presently used plastics, tures from —150°F to 600°F, where it remains in an electric arc heated supersonic wind tun- 
with one-seventh the rate of ablation and one- resilient and flexible. It also maintains its excel- nel. Continuous testing like this will develop 
fourth the weight loss. Here is an excellent lent physical and electrical properties over this new data on the thermal and ablative uses of 
ablative covering with low thermal conductivity. wide temperature range for extended periods. G-E silicone rubber. 


To learn more about G-E silicone rubber, and its uses as a thermal and ablative material, 
write: General Electric Company, Silicone Products Dept., Section BB1161, Waterford, New York. 


GENERAL ELECTRIC 
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THIS IS CASE STUDY... 


Of how Douglas Aircraft used teamwork in planning and effecting a 
study of the Army Aviation Market (1961-1975). It details the following: 
® The role of the market analyst. @ The role of the operations analyst. 


®@ The role of the design engineer. @ A breakout of the primary and 


secondary market. 


The Army Aviation Market 1961-1975 


by L. G. Regan, Manager Advanced Product Planning Douglas Aircraft 


Tinkers-to-Evers-to-Chance is a 
famous example of successful team- 
play. The same kind of smooth, co- 
ordinated relationship is needed be- 
tween the market analyst, the oper- 
ations analyst and the design engi- 
neer in product development. 

Just as Tinkers originated the 
double play, so does the market 
analyst. He passes the requirements 
of the customer to the operations 
researcher, who in turn provides the 
design engineer with the design 
goals. Result—a perfect balance 
between customer desires and tech- 
nical capabilities. 

If the analyst fails to pinpoint 
the requirement problems, that 
happy state where design and cost 
penalties are minimized and per- 
formance is maximized will never 
be realized. The analyst, of course, 
must come down from his ivory 
tower. He must communicate with 
the engineer and learn from him 
the general limits of design capa- 
bility. 

Here is how the relationship 
worked in the market forecast of 
the Army Aijrcraft procurement 
(1961-1972) at Douglas. 
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Planning The Study—Evolution 
of the Army market study followed 
the pattern shown on Fig. 1. It 
began with the examination of the 
general environment. The scope of 
the study was narrowed by these 
assumptions: 

(1) That there would be no 
“hot” cold war, but a continuation 
of the “campfire” and “brush fire” 
skirmishes that number about 18 
since World War II. 

(2) That shifts of roles and mis- 
sions are possible during the period 
1960-1970. 

(3) That minimum deficit spend- 
ing will be necessary to support 
major national security efforts. 

The specific environment, the 
200 - mile- deep battlefield, formed 
the basic core of the requirements 
or needs from a qualitative stand- 
point. 

The next step was to translate 
the requirements stemming from the 
environmental study into products, 
or product characteristics. And, 
gross quantities, including the alter- 
nate markets were estimated. 
Needed technical capabilities and 
productive capacity could then be 
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compared with existing resources of 
the company, or with that potential 
they could accomplish with invest- 
ment in additional facilities and 
manpower. 

From the gross quantities 
evolved, the external restraints were 
applied. Two prime restraints were 
introduced. First, the present roles 
and missions of the services were 
considered and changes in the con- 
trol and operation of airborne close 
support and logistics were estimated. 
For example, the environment study 
definitely indicated the disadvan- 
tages of joint operational control in 
the mission of intraheater air-logis- 
tic-support and the “close”—close 
fire support mission. 

The analyst must, of course, face 
up to the question: “Who is the cus- 
tomer?” In this case study the 
answer is wrapped up in elements 
of tradition, new areas of weaponry, 
and some plain old politics. 

The second restraint considered 
was the procurement funding. Both 
these restraints not only affect the 
market depth but also provide the 
essential clues for timing. 

Competition might be looked 
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upon as a restraint, but we consid- 
ered it separately at Douglas. The 
study of competitor entrenchment in 
the product line provides a timing 
input, and, of course, it provides 
another limit on your own com- 
pany’s potential. 

Add all these factors of needs, 
restraints, and competition together 
and they spell market. So much for 
the procedure. Now, let us look at 
the method and the results. 

Conducting A Market Study— 
The marketing team in this instance 
was composed of: (1) three mem- 
bers of our market analysis group, 
with support of two technical engi- 
neers; (2) two operations analysts, 
augmented by a professional re- 
search group with considerable 
study experience in future environ- 
ments and planning. A major por- 
tion of the study effort was involved 
in the environment study (3 months 
out of a 5-month total) which led to 
the development of 13 missions for 
Army aircraft. Further analysis in- 


dicated that six types of aircraft 
could very adequately fulfill the mis- 
sion requirements (Table I). 

The effect of the Army environ- 
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Fig. 1. Douglas approach 
to market analysis re- 
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quired inputs from three 
major market influences. 


Fig. 2. Should Army go 
for VTOL or STOL to get 
the most mission for its 
money? 
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Fig. 3. Degree of reliability and GSE influence cost. 


33 


ee eae, ee He), ehameer ct, eer emer oo ee Bary, Sieh) ea by Ges a Pete ORR, eee ERS Or. ena ae 
rd ae ee, ih oer ee ‘a Dara J roe, Cees ee = eae 
j aa ae a ; 2 io) See i se ae: ae ean ¥ as anit a ae meg x ie et a 
: : 5s eae ne ay GT SS ese, gaye ee 1 ene ia ee Ee 
: - , as Lt) ee eR ee) SS ae oe aoe” + pet yer a. SD ae i 
a pe = we. . soit ON ae YS ‘ » SER: tage ee a er! : ai ae ‘27 ees co 7 Tt eee 
ee ta } Or ea aa ( rae eres tee Niles es ee ae Fo eee { a; Aaya igs: 
bh RS ae ; Ran eee Soccer ~ cea Pod baat vivishe get tioas pegommmmrtr Nae OS, 2 ae 
eee eee CPE HR a ad at ¥ eres, ae ih Se ee oS s 6 ae 7 Pee eh ara Par Se Restor" eo2 Ae 
2 a SETS EO ee ee ae ae a emer ae ee ce ee PN ie aaa ee Tee eee ere 
Pues 2 aad me < us “7 eS, 
Be I —_ Ped 
: Ba bitat 
ot a oS oe 
oo oa Wes? 
s i a ae 
es 
o ee, 
oe | et 
me ee 
<a 
ieee’ 
a _— — ea ised 
A a en . a eee ee e_—e—OOe ———— See ae 
] ee ae 
ql a ee ee 
5 ip aes a 
7 - saceeeaiiatenieat ieee es LT oe cel RS f v peep, Oe 
5 ; : a. i a ' aa _ 
F | eee f. 
t ; me ot “i 
a j he ss 
4 er A hg: 
: ' Ber 
: fae 
a Bde ks ts 
| pee 
ei : en ame 
oa 
P - i Senge | 
ee ice ih 
s+ | 
q a: Sew 4 
4 é phy Sa 
j =13"5 Eee 
i Meo ro 
c ‘Sy saa 
aes ce 
: f ae 
-— ae 
TIMING ' oom 
ar 
sl ‘ee 
| a2 ta 
f ; % } = ices 
: fF ee. 
(oe: : * 
paps inte 
a Pe eee 
fo oie 
— 4 
| 2 
et ae 
a Wace ae 
. +) ee as 
ae Be eaters 
: eee Se 
5 ana ee Ze 
ede Ray 
* a eee,» 
Poa > tne Rss WS 
Beemer el 
= ee 
fea: ) ee 
os ae 
= ee 
2 ee 
ae <a 
: Des 
a co tee 
“ons = 
i a Be 
ha a 
eC eS 
cir 
poe ee 
pet. ae 
omerten'= 
ee Ba 
: poe ese 
eas 
a Ne 
4 pa | ae 
4 / “Sa We 
: — vim oS aaeeecee 
. + Tene 
: a ee 
2 pod a 
| » name 
‘a > ae 
ik . PERS; foe 
f ah? cute, 
‘ i Sa 
it, A oe 
eo 7 7 
eh a 
Z 1 Spee 
jane} . gal 
Thies (oes 
pte ase bs 
ee 
: ee ihe 
ae Be 
% , Ay sata) 
er i? a re 
ae ‘eel ie be 
j °, By 
100% : 
‘ ‘ Beaute «-* 
, ; ad a 
, Cie a 
; a ae CS, 
4 AHS ; Be. ie 
‘ eee 
. ee Wee Se 
a 
es. ee 
: —— : a 
¢ . : Sir 
ie ais LA 
SOR 
ae 
ey ts 
eats % 
a ae 
2 ie 
0% Bes 
ce 
=. sn ae ae 
“es Fe less: 
| es. 
i rea 
: 5 a ae G 
x oe E 
uaeia Saar 
‘ pet é Ke ee ee oe Wie > aie aaa ele eee Sut cas sr zs se De: ia 
i i ae % | Rae gi tc cn mY ea me : ae cae BS ee a a 7 i ee e fels 
et eee ox Eee) pee ee a an as ene are foe i a oe ue gent 
Po a ee Yn ee aa — 'y TES RUS aes a) Se See, 8 a oa Cena ae tar S ue eee ae " i Ay, Se aes CR oat ae 


THE ARMY AVIATION MARKET 1961-1975 


ment on ultimate design philosophy 
is quite different from that of the 
Air Force and Navy. We were im- 
pressed with the fundamental fact 
that all the machines in the battle- 
field serve the man, the soldier. He 
is not driven by these weapons or 
machines. He drives them. If the 
weapon is unreliable, his survival is 
threatened. If it is not rugged and 
simple, his mobility is bogged by 
weighty ground support. This re- 
sults in a different design philosophy 
than that required for the SAC de- 
livery system (B-52), and the Navy 
tactical and strategic systems con- 
sisting of aircraft carriers and Po- 
laris submarines all with vast sup- 
porting complexes. 

The Market—Qualitative—The 
next problem was to resolve the 
qualitative requirements (Table II). 
How fast and how far should these 
air vehicles go? Should they be 
capable of vertical takeoff in all 
instances or could certain types 
utilize fixed wing and gain the at- 
tendant efficiency in operating cost? 
If so, what would be the impact on 
the additional ground support effort 
needed, i.e., airstrip and facilities? 
What cruise altitudes should be con- 
sidered? 

Answers to all of these involve 
tradeoffs, or compromises, in per- 
formance to achieve overall opti- 
mum design. Most of them require 
cost effectiveness analysis—a popu- 
lar topic nowadays. Cost effective- 
ness is a strong tool for convincing 
the customer, but it should not be 
inferred that it is the end-all of 
selection. 

The design of “unconventional” 
weapons for the conventional war 
was found to be the paramount ob- 
jective in the Army modernization 
program. It is at this point that the 
operations analyst comes into the 
picture. He must prescribe the con- 
ditions and possible alternatives 
since he is thoroughly acquainted 
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continued 


with the environment and the cus- 
tomer’s requirements. 

Some examples of this process 
are shown in Figs. 2 to 4. 

The airplane, of all the vehicles 
in combat, has notoriously required 
a large amount of ground support. 
How should Army select that type 
which would give the prime advan- 
tage of airborne vehicles, that of 
mobility, and yet not impose a 
heavy anchor of support in rear 
echelons? Fig. 2 is an attempt to 
show this relationship. In extremely 
broad terms it answers the question 
of whether Army should go for 
VTOL or STOL, selecting from the 
gamut of ducted fans, tilt-wings, 
fixed wing, and other devices to 
provide lift. 


Table | 


Army Missions 
and Aircraft Types 


MISSION DESIGNATION 
Observation, 

Target Acquisition 
Reconnaisance, Surveillance 


Light Observation 


Deep Penetration 
Heavy Observation) 

Evacuation, Weapon Utility Transport 
Platform Communication, 
Control, Reinforcement 

Deployment, Resupply 

Liaison 

Heavy Lift 


V/STOL Transport 
Staff Transport 
Aerial Crane 


Take-off distance would no 
doubt be a paramount parameter in 
this selection, so in Fig. 2 take-off 
distance is related to logistic cost 
and/or time per delivery. Note the 
expanding spread between vehicle 
cost and total logistic cost as take- 
off distance increases. The logic, of 
course, is that support cost (con- 
struction and maintenance) increase 
as the airstrip grows in length. 
Somewhere in relation to strip 
length, the support cost should level 
out and this in turn gives the engi- 
neer a clue as to the type of air- 
craft to design. Figs. 2, 3, and 4 
are dimensionless, and no impor- 
tance should be placed on the pre- 
cise shape of the curves. They are 
intended to indicate a method of 
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Table Il 
Aircraft Characteristics 
DES!GNATION 
PAYLOAD RADIUS SPEED CRUISE ns eae oT 
DESIGNATION MODE —_ Tons) Miles) (mph) ALTITUDE (Ft) Ligh Observation 
Light Observation VTOL y, 150 150 2000 max. eep Penetration 
Deep Penetration STOL MA 500 600 max. 200-10, 000 vanes te 
Utility Transport VTOL 2 150 150 2000 max. sn re a 
V/STOL Transport V/STOL 6 300 200+ 3000 A an , cos 
Staff Transport STOL 2 300 300+ 5000 erial Crane 
Aerial Crane VTOL 16 1 N/A 300 max. 


solution rather than provide specific 
answers. The input data in most 
cases could be derived from classi- 
fied field test operations. 

Cost Effectiveness — ‘Make it 
rugged and simple!” says Army 
when it comes to equipment design. 
This emphasis follows right along 
with the goal of reducing field sup- 
port. The problem the analyst 
faces is: “How rugged is rugged?” 
Or, from a cost effectiveness point 
of view, how much is Army willing 
to pay for rugged design? 

The degree of reliability and the 
level of ground support are perti- 
nent elements in these considera- 
tions. Fig. 3 poses a problem in- 
volving these factors. The reliability 
curve shows an increasing improve- 


FIG. 5. RESEARCH ON ARMY AIRCRAFT 
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ment as ruggedness is built into the 
vehicle (at increasing unit cost) 
while the degree of ground support 
declines. Possibly as unit cost in- 
creases, ruggedness may have to be 
achieved by redundancy. This could 
mean use of additional wheels on 
the landing gear assembly, and the 
maintenance and ground support 
curve could bend upwards again. 
The semantics of design become 
difficult in this area, but, the engi- 
neer is at least provided with a 
“feel” for the costs boundaries in 
his preliminary design effort. More 
important, the customer is provided 
with a means of selection and the 
consequential impacts on costs, re- 
liability and support levels. By 
establishing this type of relationship, 


500|— 
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Table Ill 


Procurement Forecast 


ARMY REO. OTHER 

BY 1975 MARKETS TOTAL 
3500 7000 10,500 

200 20 220 

3000 1550 4550 

200 120* 320 

200 3200 3400 

100 180 290 

7200 12,080 19,280 


* Major demand after 1975. 


the customer can estimate, for ex- 
ample, the level of ground support 
required and also the degree of re- 
liability attainable from the funds 
available, and make the feasible 
selection. 

Vulnerability—Vehicle speed 
(Fig. 4), another design require- 
ment, can be resolved by a similar 
operations analysis technique. Con- 
sider the heavy solid line on the 
chart—vulnerability—as a function 
of speed and cost per mission ac- 
complished. Vulnerability is re- 
duced as speed increases. Hence, 
more sorties are required to accom- 
plish the mission with slower air- 
craft, thereby increasing the cost 
per mission. However, an inspection 
of the broken line measuring mis- 


FIG. 6. MARKET SIZE AND TIMING 
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continued 


MARKET FORECAST SUMMARY .. . ARMY AVIATION 1961-1972 


1. There is a significant market, with a strong poten- 
tial in the secondary merkets. 

2. There wiil be keen competition not only within the 
industry but within the Army groups supporting 
various weapon systems. 
drones and missiles and perhaps ground effect 


Unmanned systems, 


4. The Army market shows strong growth elements 
based principally upon predicted shifting roles and 
missions, the shift in national strategy into a lim- 
ited war deterrence force and a tendency toward a 
bigger slice of the budget pie for Army and a 
larger total budget for security expenditures. 


machines will be alternating choices. 5. From a timing standpoint, immediate initiation of 


3. Major spending will be in the latter part of the 


decade 1965-70. 


sion-accomplishment vs speed indi- 
cates an opposing tendency toward 
increased cost per mission as speed 
increases. This is due to the fact 
that human vision becomes less re- 
liable for navigating to the target. 
Human vision is also less able, even 
to see the target, especially if oper- 
ation is at low altitudes. Thus, the 
speed criteria would be established 
for that value indicated by the in- 
tersection of the two lines. It is 
probable that this cost could be 
further reduced if the engineer 
makes the best choice of electronic 
aids to improve navigation, control, 
and intelligence gathering at higher 
speeds. The dotted line would rep- 
resent this possibility. 

Incidentally, one of the conclu- 
sions of this study was that these 
low-survivability type of missions 
can only be accomplished with the 
development of the various elec- 
tronic aids: sensing, terrain clear- 
ance, and automatic pilot devices. 
ANIP (Army-Navy Instrumentation 
Program) has done much work in 
this field of man-machine system 
analysis. The design of the aircraft 
is dependent upon the development 
of the electronics. 

It was allowed in this study of 
Army modernization, that the cus- 
tomer actually knows his require- 
ments. He should, since he is clos- 
est to the environment! On the 
other hand, the engineer should 
know more about the state-of-the- 
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R&D efforts is essential to capture the market in 


the late sixties when procurement level will be high. 


GROWTH AND COMPETITION 


FISCAL YEAR 1961 
$130-$140 MILLION 


. De HAVILLAND 

. BELL 

. BOEING (VERTOL) 
. GRUMMAN 

. OTHER 


FISCAL YEAR 1965 
$250 MILLION 


64 


. LIGHT OBS. 


. STAFF TRANS. 


Ouwrwnre 


_ CHINOOK (BOEING) 
3 


. UTILITY TRANS. (BELL) 


. MOHAWK (GRUMMAN) 
. CARIBOU (De HAVILLAND) 


Fig. 7. After 1970, entrenchment of present suppliers in the Army aviation market 


will weaken under competition. 


art or the technical means of 
achievement. The market analyst is 
caught in the middle. He must pro- 
vide the customer with the various 
alternatives, the compromises neces- 
sary to fulfill the mission. The oper- 
ations analyst provides the tools to 
do this. 

The Market — Quantitative — 
Table III lists by type, the number 
of aircraft (new procurement) esti- 
mated for the Army and total pro- 
curement including Air Force, Navy, 
and civilian. Army totals were de- 
termined by requirements of the 
various commands of the field 
Army, then multiplied by the esti- 
mate of the number of such units. 
The estimated requirements of the 
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civil and other military markets 
were added. The need to investi- 
gate the secondary or other markets 
as termed on Table III is apparent. 

Cautious management might 
consider the heavy competition in 
the Army light observation aircraft 
market too formidable for entry in 
a market limited to 3500 vehicles. 
But consideration of the potential 
in the civil-and-other-service mar- 
ket (7000 aircraft) might change 
opinions. Similarly, consideration 
of product development in the aer- 
ial-crane market will be stimulated 
by a potential market of double 
the Army requirements. 

While the V/STOL market is 
estimated to be shallow until 1975, 
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Fig. 8. By 1967 the heavy funding of 
Pershing, Zeus, Missiles A/B will 
taper off. Aviation could benefit. 
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6. The Army market has different characteristics than 
the Air Force and Navy markets in that product 
characteristics are tied to the ‘rugged and simple” 
design to minimize logistic support. The Air Force 
and Navy tend to wrap their weapons around 
elaborate ground systems to support them; the 
SAC B-52, the Navy carrier system and Polaris are 
examples. Battlefield environment dictates weapons 


designed permit man’s survival. 
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aggressive management might find 
reward for high R&D expenditures 
in the sixties in the expected civil 
demand for this vehicle in the 
seventies. 

Conversion To Dollars—Trans- 
lating the quantities forecast into 
dollar market values is complicated 
by the R&D spending associated 
with the development of each of 
the aircraft types. Also involved is 
the cost of all components comple- 
menting the air-frame, the ground 
support system, electronics, arma- 
ment and engines. 

The first step was to proportion 
these elements into percentage of 
total fly-away cost. Then through 
an investigation of the costs of vari- 
ous types of aircraft, the total sys- 
tem costs was developed. To do 
this the learning curves of various 
production runs were literally 
worked backwards. The cost of the 
last aircraft under the most recent 
procurement was traced back to the 
learning curve to the first unit of 
production and from this amount 
the R&D including tooling and test- 
ing were isolated. Fig. 5 indicates 
the estimated R&D cost associated 
with the empty weight of the air- 
plane. 

Production runs of the quanti- 
ties indicated in Table III were 
then totaled by dollar amounts 
(Fig. 6). A market of $3.4 billion 
was predicted for total Army air- 
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BILLIONS OF DOLLARS 


craft systems. Of this, by use of the 
determined proportion cost, at least 
$530 million were estimated to 
apply to electronics. This amount 
varied with each model, the HOA 
deep penetration aircraft is, for the 
most part, a flying electronic labora- 
tory, whereas the light observation 
aircraft would have only the nor- 
mal avionic aids. 

Competition and the market 
growth are depicted in Fig. 7 which 
indicates the present entrenchment 
by the principal suppliers. It is felt, 
however, that beyond 1965, pro- 
pulsion improvements will enable 
the aggressive competitor to pene- 
trate and share this market. 

Customer’s Purse—Will the cus- 
tomer be able to fund these require- 
ments during the next decade? With 
the exception of years 1965-67, 
when there will be a squeeze on 
aircraft funds. Our prediction is that 
throughout the period some money 
will be available to finance the mod- 
ernization. But there will be inter- 
nal struggles as the proponents of 
other Army weapon systems battle 
over fund allocation. The financing 
of missile projects (Fig. 8), such as 
Zeus, Pershing, and Missile A/B, 
will demand the largest share, di- 
minishing after 1967, but there will 
be sharp competition from other 
programs, particularly as Army fills 
the deficiencies now existing in the 
limited war arsenal. 
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We purposely placed the Korean 
buildup of 1952 on our time scale 
here as a reminder of the potential 
effect of limited war outbreak and 
herein we might postulate a char- 
acteristic of the Army procurement 
cycle. This characteristic would be 
limited procurement during peace 
time to provide limited operational 
quantities and the blueprints and 
tooling for expanded production 
when the time comes for mobiliza- 
tion. Air Force on the other hand, 
with strong emphasis on the strate- 
gic “hot” war, must be in a con- 
stant state of readiness and must 
“buy” constantly for modernization, 
since under this concept there will 
be no time for industrial mobiliza- 
tion after the initial blow is struck. 
The analyst will conclude that his 
market is limited from the stand- 
point of heavy production runs dur- 
ing cold war. But, at the same time, 
he must realize the tremendous 
leverage that will result when mo- 
bilization for limited war occurs. 


+ 


A SINGLE REPRINT 
of this article is available as long 
as the supply lasts. Write on com- 
pany letterhead to: The Editor, 
AEROSPACE MANAGEMENT, 56th 
& Chestnut Sts., Phila. 39, Pa. 
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Every day, well-designed and constructed devices fail. Missiles 
explode, aircraft crash. There is increasing evidence that 
‘“‘misuse”’ is the greatest bugaboo to reliability. 


THE NEGLECTED ASPECT 


OF RELIABILITY 


by Roy T. O'Neil, Customer Service Dept. Aerospace Div., The Boeing Co. 


A growing body of evidence 
points to “improper use” of equip- 
ment as the most common cause of 
in-service failures. 

In FY 61, half of the missile 
accidents and incidents in the Air 
Force were reportedly due to human 
error. Same problem reflects in the 
lead remarks contained in BuWeps 
Military Specifications XFMPP- 
148, “Weapon System Periodic 
Maintenance Requirements: Air- 
craft,” dated 3 June 1961: “A re- 
view of Naval aircraft operating ex- 
perience for the past two to three 
years has revealed a trend of de- 
creasing combat readiness, particu- 
larly among newer, more complex 
weapon systems. Maintenance 
causes are assuming a greater re- 


“‘As-built”’ reliability is degraded by improper 
use of equipment. This results in premature 
failures, and disasters. What is the answer to 
mounting dilemma? The author calls for a spe- 
cial management effort to accomplish the fol- 
lowing: 
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sponsibility for this trend.” 

In-service failures due to unsuit- 
able design and poor workmanship 
do occur. However, most of the 
serious design and workmanship 
problems are eliminated before 
equipment is sold. Hence in-service 
failures are more likely to be caused 
by abuse than by a weakness in the 
equipment. RCA studies show that 
only about one-third of all failures 
and part replacements of USAF 
ground electronics are due to true 
random failures; the remainder must 
be charged to maintenance and op- 
eration practices. 

Implications — Significance of 
this problem is clear: stress on the 
proper in-service use of equipment 
is as vital as reliability in design and 


manufacturing practices. 

The traditional argument that 
manufacturer’s responsibility should 
end with delivery of reliable equip- 
ment, and operating and mainte- 
nance manuals is not applicable to 
the aerospace industries. Most weap- 
on system development contracts 
call for contractor recommendations 
for such things as operation, main- 
tenance, training, spares, and hand- 
books. 

Most aerospace companies feel 
that they must provide detailed use 
recommendations and other use as- 
sistance, to preserve their reputa- 
tions. Novelty, complexity, and ur- 
gent need for aerospace products 
dictate that manufacturers play a 
leading role in developing the men, 


@ Put earliest possible attention on operational 
and support planning. Integrate it with systems 
development when feasible. 

@ Head off usage problems and the need of re- 
design by incorporating ease of maintenance 


into original design. 
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Boeing's O'Neil and engineer. . . to preserve reliability, define, 
assign and control with written directives . . . 


machinery, and methods to operate 
and maintain these products. Time 
limitations comprise the most com- 
pelling reason of all. There simply 
is not enough time for in-line de- 
velopment of the product and its 
support system. They must be de- 
veloped concurrently. Failure his- 
tories of man-machine systems 


stress the need for a major effort ‘o 
improve system operation and main- 
tenance. 

Reliability Degradation Over- 
looked—Most contracts now con- 
tain sizeable formal reliability pro- 
grams. These are aimed primarily 
at achieving a high level of “as- 
built” reliability. These programs 


@ Define, assign, and control the logistic sys- 
tem development work with written directives. 

@ Enforce these written directives with a strict 
discipline. 
@ Measure results of special effort, analyze it, 
and feed back into written controls. 
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are superimposed upon the normal 
design and production efforts. 

In the logistics support area, 
there are efforts to provide mainte- 
nance planning, personnel planning, 
training, operation and maintenance 
handbooks, spares, and field service 
representation. However, we do not 
find special programs designed to 
limit the degradation of reliability 
during service use. Neither do we 
find, as with design and production 
reliability programs, that special 
funds have been earmarked for lim- 
iting in-service reliability degrada- 
tion. We do find that the money 
which is available for logistics sup- 
port development work is often 
small and vulnerable to “economy” 
measures, 
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Product support development 
money is tighter than other types of 
money. This is because product sup- 
port is not recognized being as im- 
portant as other work. Only the 
acquisition of a new scale of values 
will change this tight-money situa- 
tion. 

Usage Weakest Link—If cus- 
tomers are to be provided with bet- 
ter usage recommendations and as- 
sistance, government and industry 
must be shown that an expanded 
logistics system development effort 
is worth paying for. I am confident 
that careful collection and presenta- 
tion of the facts will show that 
usage, rather than design or manu- 
facture, is often the weakest link in 
the in-service reliability chain. 

When funds are secured for an 
intensified product-support engi- 
neering effort, what form should the 
added effort take? The scientific 
method appears entirely suitable. 

The elements of the scientific 
method are generally expressed as 
observation, analysis, hypothesis 
formation, and hypothesis testing. 
Each of these elements can be found 
in the Boeing Company’s current 
approach to design and production 
reliability. These can be applied to 
solve the problem of reliability deg- 
radation during use. 

Applying the scientific method, 
the problem would first be studied 
in detail. All facts surrounding each 
in-service failure should be obtained 
and analyzed. Failures should be 
categorized to determine the most 
profitable areas for increased effort. 
The following failure categories 
could be used: random failures, un- 
sound but authorized procedures, 
inadequate handbooks, improper 
work assignments, inadequate train- 
ing, insufficient motivation, inade- 
quate supply of personnel, inade- 
quate supply of spares, inadequate 
facilities and tools. 
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continued 


Admitting Mistakes—The diffi- 
culty of collecting facts reflecting the 
true nature of in-service failures 
must not be underestimated. A 
major stumbling block will be that 
of admitting one’s mistake. The 
usual avoidance technique is to 
blame failures on something, or 
someone outside our realm of re- 
sponsibility. 

For example, even though the 
basic cause of a system failure may 
be inadequate written instructions 
or training, it is quite likely to be 
reported as a random equipment 
failure. Even the most scrupulously 
honest user will probably decide 
borderline cases in his favor. The 
overall result will be an unrealisti- 
cally-high percentage of equipment- 
induced failures reported. Comple- 
tion of this difficult but necessary 
study will permit a more effective 
effort to preserve inherent reliabil- 
ity. Knowledge of the relative con- 
tribution of support-system elements 
to system unreliability will permit 
apportionment of effort so as to 
achieve a uniformly strong man- 
machine system. 

Solutions Depend on Problems 
—After the problem has been clear- 
ly identified, tentative solutions 
should be advanced, and the most 
feasible of these applied. For ex- 
ample, a study may show, among 
other things, that inadequate motiva- 
tion accounts for 40 per cent of all 
in-service failures of a certain man- 
machine system. In this case, a 
prime objective of the solutions ad- 
vanced should be improved motiva- 
tion of personnel. The solutions may 
consist of special efforts to produce 
handbooks, training programs, and 
field-service programs which will in- 
duce users to religiously follow 
prescribed procedures. An impor- 
tant part of these special efforts 
would surely be the formulation of 
vivid word pictures and demonstra- 


tions showing the dire consequences 
of ignoring established procedures. 

The success of the applied solu- 
tions should be measured by con- 
tinuous observation of system per- 
formance, analysis of all in-service 
failures, categorization of failures, 
and comparisons of failures rates, 
modes, and causes with those of the 
past and with those of similar sys- 
tems. As solutions are applied and 
results measured, the nature of the 
problem will become increasingly 
clear. 

Special Effort Needed — The 
special effort advocated to preserve 
as-built reliability, should begin 
early, and should have the following 
features. 

@ Operational and support plan- 
ning should be an integral part of 
the earliest system development 
work. 

@ Development of logistics sys- 
tems should be more closely co- 
ordinated with customers and de- 
signers than ever before. Design 
features to facilitate operation and 
maintenance should be incorporated 
into original equipment to head off 
usage problems and the need for re- 
design. 

@ To achieve maximum efficien- 
cy over the long term, the logistics 
system development work to be 
done should be defined, assigned, 
and controlled by written directives, 
procedures, and guides. 

@ The written directives, pro- 
cedures, and guides should be en- 
forced with strict discipline. 

@ Results of the effort should be 
measured, fed back, analyzed, and 
the lessons learned incorporated into 
the written controls. 

Without an organized study of 
usage problems, “as-built” reliabil- 
ity would fall short of the ultimate 
goal—total reliability. 
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THIS is an Invitation 


...to join us here where there is a future for you second 
to none. Here our projects include Giant C-141 jet trans- 
ports . . . Intercontinental C-130 turbo-prop transports... 
JetStar passenger craft . . . “Hummingbird” type VTOL 
aircraft ... Missiles . . . Rockets . . . Nuclear Products... 
Nuclear Research . . . Avionics Research . . . Operations 
Research . . . Cryogenics Research . . . and scores more 
interesting long-range projects. 

Openings in the fields of: Aircraft Design Engineering * Engineering Drawings Check- 
ing * Aircraft Structures * Basic Loads * Flutter and Vibration * Sound and Vibra- 


tion * Aircraft Specifications Engineering « Reliability Engineering * Operations Re- 
search * Aircraft Research Engineering. 


Write to: Hugh L. Gordon, Professional Employment Manager, Lockheed-Georgia 
Co., 834 W. Peachtree St., Atlanta 8, Georgia. Department DD-78 


All qualified applicants will receive consideration for employment without fegard to 
race, creed, color or national origin. 
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SYSTEMS ENGINEERING 


How To Target Your Capabilities 


by F. V. Johnson, Light Military Electronics Dept., G. E. 


Developing a "systems'’ capability is the goal of today's management 
. .. be the company large or small. But, the cruel facts of 


life are that not all companies can get this capability. Nor is 


there enough systems work to go around. Here is scien- 


tific method for gaging your systems capability. 


Equipment suppliers for military 
systems want to do part of the sys- 
tems engineering. Most of them 
maintain engineering operations to 
sell and do such work. 

Justifications for this are that 
such work provides: 

@ Earliest knowledge of the di- 
rection of evolution of the system. 
Thus allowing the opportunity to 
supply timely new equipment 
phased in with program needs. 

@ Best opportunity to supply 
equipment and the interface links 
that were not recognized as neces- 
sary during the first assignment of 
system responsibilities. 

@ Authority, or leverage, to ap- 
ply ones’ own components most fa- 
vorably, leading to the enhancement 
of reputation. 

@ Technical knowledge and 
skill to carry out independent ad- 
vanced development programs. 

@ A breadth of technical and 
management experience that is at- 
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tractive to capable people, and that 
is good advertising and recruiting 
material. 

Big Questions—The questions 
of just what systems engineering is; 
what the military customer is willing 
to buy; and what sorts of engineer- 
ing capability need to be on hand 
to get and to do the work; are an- 
swered in many ways, sometimes 
successfully and sometimes not. 

Once a systems engineering job 
is under contract and its subtasks 
are delineated, the problems of or- 
ganizing and staffing for it are clari- 
fied. However, the roots of failure 
to develop new systems business 
must often be charged to incomplete 
understanding of what systems en- 
gineering means in the mind of the 
potential customer. 

Common Failings— Here are 
some examples of what results from 
a typically narrow concept of word 
meanings. 

(1) A proposal effort for a small 


target seeking missile, that would 
depend for success on an ingenious 
assemblage of refined hardware, is 
adjudged at administrative levels to 
concern a system, and is placed with 
an advanced systems group staffed 
primarily with system analysts. The 
proposal generated is not technically 
attractive and does not reach the 
second round of competition. 

(2) A systems engineer charged 
with spending development funds 
to generate new business directs his 
efforts to a study of the number of 
missiles and the types of warheads 
that should constitute a deterrent 
force. His sales associates deal with 
customers who are in the market 
for inertial navigation platforms in- 
tegrated with their associated com- 
puting equipment. The money spent 
by the engineer brings no significant 
return in sales, even though he pic- 
tures his work as the essence of 
systems engineering. 

These examples show that sys- 
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tems engineering extends over a 
wide spectrum in at least two di- 
mensions. Too often the engineering 
manager speaks of a small field of 
this multi-dimensional space engi- 
neering. At the same time his hear- 
ers identify the term with com- 
pletely different and distant small 
fields. This is the heart of the mis- 
application of effort in both of the 
preceding examples. It leads us to 
try to provide a set of axes or di- 
mensions on which to classify the 
various aspects of systems engineer- 
ing. In our first attempt, these need 
not be orthogonal, normalized, and 
free from crosscouplings in order to 
be useful. 

Dimension 1—Echelon—With- 
in each business dealing both with 
components and groups of inter- 
connected components, the work 
which produces the highest level of 
contributed value to the product is 
called systems work. Thus, a com- 
ponent group that constitutes a sys- 
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Johnson expounds—There are four dimensions 


to gaging your systems capability . . . all are 
interrelated . . . 


tem in one organization may be 
called a subsystem or a component 
in another. 

The echelon at which business 
may be sold depends on: (1) Com- 
pany policy; (2) The business char- 
ters of various departments within 
a company; (3) Historical prece- 
dent; (4) The customers’ policies. 

This echelon may vary tremen- 
dously over the different product 
lines within a company, or even 
within a department of a company. 


Dimension 2—Business Man- 
agement—Systems engineering may 
contain, in varying proportions, sys- 
tem business-management and sys- 
tem technical-work. Aspects of sys- 
tem management, for example, are: 

@ Selecting of suppliers who 
are acceptable to the customer on 
both technical and non-technical 
grounds. 

@ Determining interface loca- 
tions between subsystems. 
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@ Settling problems of conflicts 
of business interests between sup- 
pliers. 

@ Specifying, scheduling, moni- 
toring, and expediting components 
and services. 

@ Setting up logistics of prin- 
cipal system and support systems. 

Aspects of system technical 
work are: 

@ Synthesizing organizations of 
components to achieve a desired 
function. 

@ Choosing component param- 
eters to optimize the system dy- 
namic performance. 

@ Predicting statistically the 
performance of alternate system 
configurations. 

Dimension 3—Formalization— 
The degree to which system work 
responsibilities are formalized with 
the customer may vary widely. 

System management may be 
called out as an item in a contract. 
Or, the system management and as- 
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continued 


sociated system technical work may 
be covered implicitly or piecemeal 
in the work statement but not de- 
scribed as an explicit item. 


Or, the customer may state his 
intention to do the system work, 
but pass parts of it on by default. 
Some of the advantages of doing 
systems engineering may accrue 
from any of these situations. Some 
require explicit authority. Some are 
obtained most effectively when the 
management is done without title. 

Dimension 4 — Disciplines— 
Systems engineering may require 
varying degrees of what may be de- 
scribed in several forms as: 

@ Innovation, as contrasted 
with Evaluation. 

@ Synthesis, as contrasted with 
Analysis. 

@ Inductive Reasoning, as con- 
trasted with Deductive Logic. 

In the area of innovation, the 
task may be one of devising new 
ways to meet a desired result. It 
could mean new topologies or struc- 
turing of a system. Or, the problem 
could be finding unique combina- 
tions of sensors and data process- 
ing, some of which may be new in 
themselves. 


In the area of analysis or evalu- 
ation lie these problems: (1) Meth- 
ods of optimizing parameters of a 
system when the structure has been 
determined; (2) Evaluating the per- 
formance of alternate systems; (3) 
Determining specifications for 
known types of sensors and infor- 
mation processors when the struc- 
ture of the system is predetermined. 

What The Customer Wants— 
The military customer does not usu- 
ally buy systems engineering from 
any one supplier over the whole 
volume of the region defined by 
these dimensions. In what regions 
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is he likely to buy services? It is 
necessary to know this in order that 
sales effort may be effective and 
that the engineering organization 
and its staffing be fitted to the job 
to be done. The four dimensions 
form a framework for finding the 
answers: 


Echelon—tThe first dimension 
mentioned was echelon. Company 
policy and historical position estab- 
lish the level for the echelon of sys- 
tems engineering that will be chan- 
nelled within reach of a company 
or a department. The customer may 
be organized to handle his own sys- 
tem work above a certain policy 
level, as is the Air Force. But he 
may depart from this to take ad- 
vantage of particular competences 
of his own people or the vendors’. 
It is wasteful to devote large 
amounts of resources to advanced 
systems work at echelons above 
those which the customer will buy. 
Yet, this is the inclination of many 
systems engineers. 


The echelon may vary tremen- 
dously from product line to product 
line. And, the definition of systems 
engineering within the organization 
must be broad enough to cover the 
range. As an example, in one de- 
partment the echelon is high in air- 
craft armament because of a his- 
torical proprietary position in the 
company, because of a large num- 
ber of skilled personnel in both 
management and technical areas, 
and because competence is recog- 
nized by satisfied customers. In the 
technologically related field of space 
navigation, the available echelon 
is very low because all of the cus- 
tomers are staffed to do their own 
system work. Any attempt to raise 
the echelon of business in this field 
should proceed in small and solid 
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steps from a base of unique sub- 
system abilities. 


The second dimension is busi- 
ness management or technical con- 
tent. In general, higher echelons of 
systems engineering contain a 
greater proportion of business man- 
agement, and lower echelon contain 
a greater proportion of system tech- 
nical work. The higher echelons re- 
quire senior people of broad ex- 
perience in hardware and manage- 
ment as well as in the more formal 
aspects of mathematical treatment 
of dynamics of systems. The lower 
echelons can be handled by people 
with more specialized experience. 
Because an engineer is strong in the 
techniques of dynamic programming 
and has little interest in the design 
of hardware is by no means an in- 
dication that he will be useful as 
a systems engineer. Similarly it 
would be unwise to assign a senior 
system analyst as project leader of 
a system proposal effort in which 
the real problems are the quasi- 
political relations between the cus- 
tomer and possible suppliers of sub- 
systems. 


The third dimension is the de- 
gree of formalization. This dimen- 
sion is of importance principally 
because it causes frequent confusion 
in communication. Some tasks need 
to be organized for as though they 
were systems even though contrac- 
tually and nominally the customer 
is the system manager. Failure to 
approach such tasks with the sys- 
tems engineering attitude may re- 
sult in poor performance of the 
equipment supplied, or may abort 
the possibility of acquiring formal 
system authority on later extensions 
of the work. 


The fourth dimension involves 
the disciplines. This dimension de- 
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serves special consideration. The 
most noteworthy characteristic of 
military systems work is its demand 
for innovation. The functional re- 
quirements of military customers 
are in constant and rapid flux. The 
systems that are available seldom 
meet the mission requirements ade- 
quately, and seldom reach maturity. 
Only in isolated areas does the 
structure of the system stay fixed 
long enough to apply elaborate op- 
timizing processes to the param- 
eters. The threat to the life of an 
aircraft armament system is not that 
someone will do a better job of 
optimizing the parameters of the 
bombing computer, but that he wiil 
devise a target seeking bomb that 
will make the computer unneces- 
sary. 

Thus, one of the requirements 
of the systems engineering organiza- 
tion is stimulation of the innovation 
process. The procedures and leader- 
ship of the organization may be ad- 
justed to be favorable to this, but 
the staffing must provide a heavy 
weighting of synthesis ability as 
contrasted with the analytical. 

In-house Talent—A_ related 
question that nearly always arises 
when proposals are made to de- 
velop military systems is the atti- 
tude to be taken toward the use of 
in-house developments and com- 
ponents. The systems engineer who 
is primarily an analyst inclines to- 
ward a posture, almost a creed, of 
impartiality, under which he pro- 
poses to select components and sub- 
systems on a basis of cost and per- 
formance without bias toward his 
own organization. Such an approach 
sounds logical and laudable. But, it 
seldom seems to yield success. There 
are several possible reasons. 

At high system echelons it is 
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WHO SHOULD HAVE AUTHORITY 
FOR WHAT ? 


The word ‘‘system’’ means many things to many people. Component 
makers have a common failing of labeling the highest level of their con- 


tribution as a system. 


possible that the customer engages 
a contractor to be his impartial 
agent, because he lacks an organiza- 
tion large enough to handle the 
peak loads of evaluating the sub- 
systems and managing their integra- 
tion. This is most likely to be true 
in carrying out a system concept 
that has already been generated and 
supplied with innovation contents. 
However, at lower echelons, and 
particularly if the system can be 
assembled of nearly standard parts 
in a known arrangement, the cus- 
tomer usually prefers to do the 
functions of evaluation and man- 
agement himself. If he is a military 
agency, he will have bought more 
components and know more about 
the real quality of the many possi- 
ble suppliers and subcontractors 
than our systems engineer can. 
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What the customer cannot pro- 
duce to order from his own people 
is innovation—especially that based 
on a deep knowledge of particular 
or unique components or tech- 
niques. In these cases, the customer 
is willing to pay our systems engi- 
neers, not for their impartiality, but 
to be expert exploiters of our par- 
ticular skills and resources. Then 
the customer, who knows the mis- 
sion best, will have the task of judg- 
ing the result objectively in com- 
parison with other approaches. 


ie 


A SINGLE REPRINT 


of this article is available as long 
as the supply lasts. Write on com- 
pany letterhead to: The Editor, 
AEROSPACE MANAGEMENT, 56th 
& Chestnut Sts., Phila. 39, Pa. 
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by T. B. Slattery, TEMPO 


(Technical Military 
Planning Operation) 
General Electric Co. 


POOR 


Fig. 1. Good design encompasses the interrelation of 
mission requirements and the parameters of reliabil- 
ity, maintainability, performance, etc. 


DE. IGN .. COSTS MILLIONS 


@ MAINTAINABILITY HAS BEEN NEGLECTED as a design parameter in 
missiles. @ Lack of measure for maintainability has been part of 

the problem. @ Now, this measure exists—''mean downtime per failure.” 
® And, the ease with which a missile can be repaired is a key 

element in reliability and mission fulfillment. 


Chronic neglect of system main- 
tainability in the design stage has 
cost us untold millions in mainte- 
nance cost. It also costs and cripples 
defense in terms of reduced military 
effectiveness. 

Since the advent of the space 
age costs have become so huge that 
attention is now belatedly being 
focused on rectifying the situation 
at the design level. 

“Maintainability” may even re- 
place its rival “reliability” as the 
candidate most likely to solve all 
operational problems. At present it 
means all things to all persons. This 
is the biggest problem. 
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Emphasis on Performance— 
System performance specifications, 
derived from the expected mission 
of the system, were all-important in 
the design of that system in the past. 
This was when performance was an 
explicit factor. It could be speci- 
fied. The development engineer had 
techniques for predicting it. And 
finally, it could be measured or 
verified. If the designer erred it 
could be so proven by subsequent 
test. Meeting the performance 
specification was of paramount im- 
portance to him—his future might 
depend upon it. He designed it in. 

The necessary attention will not 
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and cannot be given to designing-in 
“maintainability” until it too can be 
stated in terms related to the mission 
of the system. Until it can be speci- 
fied, predicted, and measured. 
Efforts up until now, to define 
maintainability have been based on 
the desire that the definition be all- 
inclusive. The need for a single 
quantitative measure derivable from 
and related to the mission of the 
system has not been widely recog- 
nized. Until this is recognized, 
“maintainability engineering” will 
flounder. Its proponents are all pull- 
ing in different directions. Contrac- 
tors bidding on military jobs will 
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Fig. 2. Any system has an available “demand time” to meet its mission. 
failures and repair time consume big chunks of this. A family of profiles can be 


used to show realistic system performance. 


Availability Requirements - Typical Electronic Equipment 


90% AVAILABILITY SPECIFIED BY CUSTOMER 
(2 HRS/DAY MAX, DOWNTIME) 
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Fig. 3. Ninety percent availability can be attained in 
a system by a wide variety of “failures vs. repair 
times.”” This means reliability and maintainability are 
closely related to mission performance. 
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continue to devote “best effort” 
rather than meet a requirement. 
Less conscientious ones will con- 
tinue to underbid those that spend 
money for intangible improvements 
in “maintainability.” 


The Key—There exists a basic 
or fundamental measure for main- 
tainability, namely, “mean system 
downtime per failure instance.” But 
it is neglected. It is not the only 
possible measure. However, it is 
fundamental, because: (1) It can be 
derived from and related to the mis- 
sion requirements of the particular 
system; (2) Other appropriate meas- 
ures or indices of maintenance ef- 
ficiency or cost can be derived from 
it; (3) It can be quantitatively 
specified and measured. Indications 
are that it can eventually be pre- 
dicted at the design stage. 


Measure of Maintainability— 
Maintainability can now be defined 
as follows: Given that the system is 
down for any reason (corrective or 
preventive maintenance) maintain- 
ability is the probability that it can 
be returned to service in a given 
period of time. Thus defined, main- 
tainability can be measured by the 
system mean-downtime. Like re- 
liability, the mean-downtime can be 
converted to a probability if a dis- 
tribution can be assumed or deter- 
mined. Maintainability for a given 
mission could therefore be specified 
as the maximum tolerable downtime 
per failure instance. 

An actual measure of maintain- 
ability is meaningful only when it is 
made under the predicted operation- 
al conditions or environment, and 
using the personnel, equipment, and 
procedures specified for the task. 
Administrative and waiting time 
should not be included in this 
fundamental measure. 


Mission Profile—A graphic (and 
simplified) presentation of availabil- 
ity and downtime profiles showing 
their relationship to the mission 
profile is shown in Fig. 2. A “de- 
mand” profile (or family profiles) 
can generally be derived for any 
given system and mission, and can 
then serve as the basis for deriving 
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POOR DESIGN ..... 


continued 


realistic performance and availabil- 
ity requirements. 

Requirements—Once an avail- 
ability requirement is derived from 
the mission of the system, it is then 
possible to allocate reliability and 
maintainability requirements. As 
shown in Fig. 3, an infinite combi- 
nation of reliability and maintain- 
ability requirements can be obtained 
for any given availability level. For 
example, a 90 per cent availability 
level can be attained through a fail- 
ure rate of two failures per mission- 
cycle and a corresponding down- 
time of 60 min per failure instance. 
An alternate would be a failure rate 
of 10 per mission-cycle and a down- 
time of 12 min per failure. Both of 
these rates may be tolerable for the 
mission, and if so the manufacturer 
should have that much latitude in 
meeting the specification. For ex- 
ample, he may have special talent 
in the use of automatic test or trou- 
ble-shooting equipment and hence 
could meet the specification more 
economically by reducing downtime 
rather than improving reliability. 
Total costs should be investigated, 
of course, since reliability improve- 
ment is a one-time R&D cost which 
results in subsequent savings in 
maintenance over the entire pro- 
gram length. 

Other Implications—This meas- 
ure of maintainability is not intend- 
ed to take into account all aspects 
of the maintenance problem. Some 
other aspects are important. They 
must be evaluated in any over-all 
maintenance analysis study. How- 
ever, they are not generally directly 
related to the basic criterion of mis- 
sion success. Examples are: 

(1) Non-interruptive mainte- 

nance or checking. 

(2) Skill, effort, and resources 
required to sustain the main- 
tenance operation. 

(3) Human factors problems as 
related to man-equipment 
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Table | 


FACTORS AFFECTING RELIABILITY AND AVAILABILITY 


Factor 
Physical Environment 
Operating Time 
Operational Philosophy and 
Related Procedures 


Maintenance Philosophy and 
Related Procedures 


Operator and Technician Skills 


Motivation and Incentive 
Technician Effort 


interface. 

(4) Economy of operation. 

This measure of maintainability, 
because it is related primarily to 
mission requirements, might be 
thought of as inapplicable at other 
than the operational echelon of 
maintenance. It is equally useful to 
evaluate bench repair of a subas- 
sembly or module at any echelon. 
The major difference in emphasis 
being that operations at those sec- 
ondary echelons may or may not 
directly affect the mission. Obvious- 
ly, the downtime for repair of a 
subassembly or module aboard a 
submarine can directly affect mis- 
sion success. However, at a tender 
or depot this relationship generally 
no longer holds. This means that 
“mean-downtime or mean time to 
return to service,” may be devel- 
oped from economic rather than 
military limitations. Such a situa- 
tion is compatible with the defini- 
tion, however, as shown by Fig. 4, 
which schematically breaks down 
“mean time to return to service” 
into its basic functions for a typical 
modular-type equipment. 

The basic functions of the turn- 
around cycle: detection, diagnosis, 
correction, and verification, are in 
each instance all measurable. Furth- 
er, these same functions apply 
whether the work is done at the first, 
second, or other echelon of repair. 

Inherent Administrative Down- 
time—When the design of a system 
is completed, there exists a built-in 
or inherent level of maintainability. 


Primary Effect Primary Effect on 


on Reliability Maintainability 
x 
x 
Xx 
x » 4 
xX xX 
xX 
x 


This level was established, either 
deliberately or inadvertently, by 
certain design and product engi- 
neering decisions. The designer, and 
hence the system contractor, is re- 
sponsible for this inherent level. He 
of course cannot be held responsi- 
ble for administrative or waiting- 
time delays that occur during system 
downtime. Inherent maintainability 
level (maximum tolerable downtime) 
can be determined by a carefully- 
planned test program using highly- 
skilled technicians and _ specified 
procedures and equipment. The 
ratio of this ideal mean-downtime 
to the mean-downtime encountered 
under field or operational conditions 
is then a measure of the efficiency 
of the field operation. Together with 
the downtime distribution it pro- 
vides a tool for evaluating and com- 
paring operational procedures, per- 
sonnel skill levels, and motivation 
factors. 

Reliability vs. Maintainability— 
The argument is often advanced that 
system reliability can be specified 
in quantitative manner because it is 
not seriously influenced by the 
vagaries of human factors. Main- 
tainability, it is held, cannot be 
treated in a similar manner because 
these human factors do not lend 
themselves to consistent and valid 
measurement. Not so! 

Reliability as measured by 
mean-time-to-failure, is definitely 
influenced by the humanistic fac- 
tors. Operator techniques, checkout 
and maintenance procedures, and 
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FIRST ECHELON 


(OPERATIONAL LEVEL) 


Fig. 4. Many maintenance 
functions affect the time it 
takes to return a failed system 
to service. They can all be 
defined and measured. Hence, 
maintainability can be defined 
and measured. 
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SECOND ECHELON 


(BENCH REPAIR) 


EQUIPMENT 
DOWN BECAUSE 


OF FAILURE OR INSPECTION 


DETECT 
FAILURE 
IN MODULE 


EQUIPMENT DOWN FOR 
PREVENTIVE MAINTENANCE 


CORRECT BY } 
REPLACING 
“4 mopue fF 


CORRECT BY 
REPLACING 


EQUIPMENT OPERATING 
WITHIN SPECIFICATION 


* REPAIRED 
MODULE 


Elemental 
Time (sec.) 


Symbols Operation 

Numerals =— Simple Manual Operations (no. of) 

M = Manual Operations Requiring Motor Skill 
* = Conditional Operation (decision required) 
S = Sensory Discrimination (e.g., meter reading) 


Diagnostic 


Time 


many other varying factors do af- 
fect reliability as well as maintain- 
ability. They must be taken into 
account in measuring both opera- 
tional reliability and maintainabil- 
ity. It is inconsistent to state that 
the ““mean-time” measure is accept- 
able for the one but not for the 
other. 


Major factors affecting reliabil- 
ity, maintainability, or both, are 
listed in Table I. 

It appears feasible to categorize 
each function of downtime, e.g., 


diagnostic time, into discrete ele- 
ments (such as is done on typical 
time-and-motion studies), and to 
then derive “downtime indices” for 
these standard elements or opera- 
tions. This would mean that the 
downtime of a module or sub- 
assembly could be predicted once 
the designer outlined the discrete 
steps necessary to accomplish the 
specific maintenance function. Diag- 
nostic time for a particular module 
might be broken down into the ele- 
ments shown in the diagram above. 

Another advantage of such a 
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procedure is that the delineation of 
each elemental operation forces the 
designer to consider the tasks he has 
created for the maintenance tech- 
nician. It shows as blind alleys or 
incomplete procedures. 


+ 


A SINGLE REPRINT 


of this article is available as long 
as the supply lasts. Write on com- 
pany letterhead to: The Editor, 
AEROSPACE MANAGEMENT, 56th 
& Chestnut Sts., Phila. 39, Pa. 
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*‘New and better’? methods of grasping that elusive prey—reliability— 


are constantly being developed. All have one failing. 


They don’t go to the core of the problem... 


Specifications Are The 


Reliability can be ordered. And, 
it can be delivered. But, it must 
be specified as a functional charac- 
teristic of a part, component, or 
assembly. 


Reliability is too often thought 
to be a virtue which just happens 
to be present. It is in fact a tangi- 
ble quantity which can be handled, 
manipulated and predicted. It is not 
a random characteristic, although 
it is subject to the laws of prob- 
ability. 


Reliability is a known probabil- 
ity of an action occurring during 
known or stated conditions. Be- 
cause it depends upon (1) a stim- 
ulus, and upon (2) known condi- 
tions, both of which may be and 
should be specified, it is an in- 
herent and specifiable characteris- 
tic. These facts hold no matter how 
simple or complex the system. 


The Big Search—Modern wea- 
pons systems require a high degree 
of reliability. This high degree of 
reliability is not being attained. 
And, there is increasing concern in 
Government and industry. 


New and better methods for 
searching for reliability have been 
developed. Organizational changes 
have been made to achieve and 
guarantee reliability. But these “ac- 
complishments” leave a lot to be 
desired. Considering the intense ef- 
forts to improve reliability, it is 
strange that more attention has not 
been focused on the problem at the 
beginning rather than the end. The 
beginning of the problems during 
the preparation and use of specifi- 
cations. The solution is the sensible 
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preparation and use of performance 
specifications. 

This does not mean that a user 
can place a requirement, willy- 
nilly, in the specification to the 
effect that, “the reliability of this 
item shall be 99.99 per cent.” This 
would be wonderful if it worked, 
but it doesn’t. A performance speci- 
fication properly prepared will state 
the desired results and the condi- 
tions under which the results are 
wanted. 

Whether the user likes it or not, 
he cannot indulge in wishful think- 
ing when he specifies reliability. 
Either he finds out every influencing 
factor and makes proper allow- 
ances; or, he puts his researchers to 
work. If every pertinent factor is 
known and included in the specifi- 
cation, the supplier will be able to 
provide a product to the expressed 
degree of reliability. Unfortunately, 
this seems to be the case only rare- 
ly, even though requirements are 
known. 


Specifications—The Foundation 
—Because reliability is inseparable 
from _ specifications, specifications 
must be understood and appreciated 
by each and every user. 

Without a specification, what- 
ever its form, the user neither knows 
where he is nor where he is going. 


A specification presages impend- 
ing or potential action. A require- 
ment exists. It is important enough 
to warrant a defining action—and 
whatever else it may be. A speci- 
fication is a definition. 


The degree of care and prepa- 
ration spent on a specification de- 
termines the degree of satisfaction 


obtained from the subsequent goods 
or services. Nothing which may 
ultimately affect the item described 
can be left to chance. Conversely, 
any factor which does not affect 
the item should be omitted from the 
specification. 

Without a specification, there 
can be no standardization. Unless a 
measure is available for comparison 
and evaluation, there is no way to 
establish a standard. Is the speci- 
fication met? Is it exceeded? Why? 
—None of these questions can be 
answered until a measure, in the 
form of a specification, exists. 

In fields other than the missile 
industry, no effort is even considered 
until the ground rules—specifica- 
tions—are ascertained. But how 
many times have pieces of missile 
material been changed before the 
results of earlier models have been 
fully evaluated? The answer would 
probably astonish a casual observer. 

The Wrong Emphasis—Primary 
emphasis in the missile industry is 
on finding the most outstanding de- 
vice of its kind. If a better one is 
discovered, it is used and the previ- 
ous equipment is discarded. This is 
exactly the way a woman buys a hat. 
Until she walks into the milliner’s 
shop and sees the latest styles, she 
hasn’t the faintest idea about the 
hat she will eventually buy. The 
milliner, knowing only the styles of 
the day, has little knowledge of the 
lady’s wardrobe. This is why buy- 
ing a hat is so time consuming. Mis- 
sile weapons cannot afford this 
luxury! But it happens. Justifica- 
tion is purportedly because earlier 
versions, or the state-of-the-art, 
were not entirely satisfactory. 
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by Leonard S. Yarbrough, Networks & Inst. Branch, ABMA 


Foundation of Reliability 


What is meant is that an ade- 
quate specification was never pre- 
pared. Research staffs are paid to 
find and isolate requirements. If 
they do not set them to paper, the 
only solution is to assume there are 
none. This places responsibility for 
specification preparation squarely in 
the user’s hands. If he fails to meet 
this responsibility, he has only him- 
self to blame. 

Estate In Disrepair—All missile 
weapon systems eventually become 
property of the Government. Con- 
sequently, the Government is the 
largest buyer of components and 
parts. It has long recognized the 
need for properly prepared and used 
performance specifications and has 
long had an estate of specifications. 
Unfortunately, this estate has fallen 
into disrepair, since and during the 
advent of the missile age. Rapid 
strides in technology literally out- 
stripped the capacity for maintain- 
ing this estate. As a result engineers 
of both industry and Government 
ignore military specifications, even 
as sources of reference. 

In so doing, benefits of these 
specifications are discounted. Pro- 
curing activities have no choice then, 
except to rely upon the “best efforts” 
of suppliers to incorporate the cur- 
rent state-of-the-art into the pro- 
cured supplies. Often, this state-of- 
the-art is not fully documented, and 
the buyer cannot begin to estimate 
reliability until delivery is made and 
costs are paid. Once this happens, 
the supplier is free of responsibility, 
regardless of his integrity or culpa- 
bility. It is not unusual, then, that 
the supplier is sometimes unfairly 
compared with competitors. 
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Spec Can Be Changed — The 
strange notion persists that specifi- 
cations, particularly government 
specifications, are immutable and 
“freeze” design, thereby inhibiting 
research and progress. This is not 
only a foolish notion; it is danger- 
ous. It is a forthright admission 
that the purpose of specifications is 
misunderstood. Specifications are 
solely for the purpose of procure- 
ment. They reflect progress. When 
a specification is frozen for a pro- 
curement reason, and necessarily 
so, it does not mean that research to 
improve the specification should 
cease. Work never ceases until a 
need for the specification no longer 
exists. If the specification must be 
changed, it can be changed. And it 
should be changed as fast as the 
user can write, whether the change 
is necessary for contractual purposes 
or for specification purposes. 

A specification change is entire- 
ly apart from any existing contract. 
It will affect that contract only at 
the option of the user. The only 
obligation placed on military speci- 
fication users is that any deviations 
be relayed to the custodian of the 
specification. This enable the cus- 
todian to evaluate and improve his 
specifications to reflect current qual- 
itative requirements. It is the only 
way the present disrepair of govern- 
mental specs may be overcome. 

Military and many _ industry 
specifications do more than define. 
They also state the means for de- 
termining the definition. Obviously, 
a pistol cannot be evaluated to 
howitzer standards. Even if it could, 
the results would be in terms of 
howitzer accuracy and hence, of 
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Electronicsman Yarbrough 
... back to the specs... 


small assistance. Yet, there is much 
pistol shooting on the howitzer range 
in the missile industry. This is not 
done deliberately. It is being done 
because there is nothing better avail- 
able. The tests and examinations 
prescribed for validating specifica- 
tion conformance provide immediate 
data. This data establishes inherent 
reliability. If an inadequate specifi- 
cation is used, the reliability will 
also be inadequate. 

Laws of Probability—Reliability 
was defined earlier in this manu- 
script as a probability. As such, the 
laws of probability are followed. If 
not, there would be no quality con- 
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THE FOUNDATION OF RELIABILITY ... 


trol, for this too is based upon prob- 
ability. Since these laws are fol- 
lowed, the normal (or abnormal) 
Guassian distribution predicts that 
there will always be a few products 
whose characteristics are superior to 
the average. If nothing else is avail- 
able, time and effort must be taken 
to search for these few. This is like 
looking in an apple crate for ba- 
nanas. Even when a banana is 
found, it must be inspected to see 
if it is any good. 

If there is no satisfactory speci- 
fication, customers have no choice 
but to look for the random few 
whose characteristics are superior to 
the average. Because these few are 
needed, little effort can be spared 
to find out why they are better or 
how they are better or how they 
can be improved. 


R&D Is Expensive — There is 
nothing wrong with looking for 
superior products. This is the mis- 
sion of every R&D man. But hav- 
ing to “R&D” every production 
model is an extremely expensive 
way to meet a schedule. Most cus- 
tomers cannot really stand this bur- 
den, but they have no choice. Until 
these customers bring their specifi- 
cations into order, the search for ba- 
nanas in the apple crate must go on. 

There is no more critical need 
in the missile industry than the need 
for adequate specifications, and 
hence, reliability. It is the responsi- 
bility of the buyer to prepare a good 
specification (Congress requires this 
of the Defense Department, Chap. 
145, Sec. 2451-2456, 10 USC). 
These specifications must clearly 
state the desired reliability by set- 
ting the pertinent requirements. In 
no way does this obviate using sup- 
pliers’ specifications. But responsi- 
bility remains with the buyer. 


Two-Way Street—Both supplier 
and user must collaborate in the 
preparation of specifications. It does 
no good to specify an impossible re- 
quirement. Neither is it beneficial to 
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use language foreign to either party. 
A specification communicates needs 
and problems. The defense Stand- 
ardization Manual, M-200, recog- 
nizes this. It requires the Defense 
Establishment to collaborate with 
industry and professional groups be- 
fore and during specification prepa- 
ration. Besides providing a medium 
of communication, this collabora- 
tion often discloses that a specifica- 
tion isn’t needed, or that industry 
has a suitable substitute. 

But suppose reliability is wanted 
which cannot be achieved? Is this 
not a contradiction of the premise 
that specifications establish known, 
inherent levels of reliability? 


Improvement Always Possible— 
These are legitimate queries and 
there isn’t a pat answer. First, to 
extract from the philosophy of the 
Army Ballistic Missile Agency’s 
Value Analysis Office, “there is no 
product or service which cannot be 
improved.” When requirements are 
known and published, competition 
invariably solves many “unsolvable” 
problems. This is a fundamental 
precept of the nation’s economy and 
technology! 

This does not dismiss all prob- 
lems. The next step is to determine 
if all requirements are valid? Has 
the specification been properly pre- 
pared? Are there any alternatives? 
Often, when requirements are ex- 
amined in the revealing light of 
reality, they are found to be less 
important than believed. In new or 
little explored fields, it is common to 
over-specify. 

It is frankly admitted that more 
knowledge must be obtained about 
the necessary reliability of missiles. 
Is it absolutely necessary that high 
reliability for a complex missile sys- 
tem also must require high-reliabil- 
ity parts and components? The ob- 
vious answer is an unqualified “yes!” 
But is that the end of it? 


“Spoiled” Bananas—There are 
many components of missiles which 
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operate satisfactorily the first few 
times. After this, they perform mar- 
ginally, if at all. In other words, the 
bananas spoil. 

Knowing this, proper allowances 
can be made, and a usable weapon 
will be maintained. This process 
amounts to throwing away the ba- 
nanas when they have spoiled. The 
so-called Darnell Report (Parts 
Specification Management for Re- 
liability, OSD-R&E, S&L, May 
1960) reaches this same conclusion. 
A missile system must undergo 
many functional tests before firing. 
Each test nibbles away at the relia- 
bility of the various components, 
shortening their lives. This is all the 
more reason for “throwing away 
bad bananas” and replacing with 
good parts. 

If a specification writer does his 
job well, he will achieve the relia- 
bility he needs. But often, he must 
compromise. Engineering at best is 
a compromise. Only the best can 
attain the best results. Or, to look 
at the matter another way: “if you 
need it bad, you'll get it bad.” For 
this reason, specifications cannot be 
relegated to the hands of the inex- 
perienced or unqualified, although 
editing and publishing may be given 
to those less technically trained than 
the engineer. 

Gaging The Future—Specifica- 
tions are the foundation for new 
advances. Without them, there is 
no measure for evaluating the pres- 
ent against the past, or the future 
against the present. Reliability can- 
not be measured unless a standard 
is available. If parts are ordered by 
specifications, their reliability is also 
ordered. If reliability is ordered, a 
dependable system can be fabri- 
cated. If reliability is not ordered, 
only by chance will a dependable 
system be furnished. Missile weap- 
ons systems demand more than this. 
Good specifications answer this de- 
mand. + 


A SINGLE REPRINT 
of this article is available as long 
as the supply lasts. Write on com- 
pany letterhead to: The Editor, 
AEROSPACE MANAGEMENT, 56th 
& Chestnut Sts., Phila. 39, Pa. 
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Many goals are set early in a system’s development. 
Hopefully, all will be attained. This article outlines a 
way to estimate reliability before the overall system 
is available for testing in its natural environment. 


by Harry Niewood, Asst. Supervisor 
Staff Reliability Group, AMF Co. 


how to estimate 
system reliability 


A reliability goal is easy to state, 
as a requirement; how to tell when 
the system has achieved this goal 
is a problem. 

System reliability can only be 
measured by test. For valid results, 
tests should be run on the actual 
system, in its actual environment. 
Although this is an ideal test, it is 
seldom, if ever, practical for mili- 
tary hardware. This is so for many 
reasons, but mostly because test re- 
sults may come too late to affect 
design. Hence, we need to compro- 
mise with the ideal test procedure. 
This means, tests on components 
and subsystems must start as early 
in development as feasible. Such 
testing does not conclusively demon- 
strate system reliability; is, however, 
valuable in reaching a realistic pre- 
diction of the system’s reliability. 

This testing is usually conducted 
on subsystems and component parts 
as they are received from manufac- 
turing. The problem then becomes 
one of relating the results of these 
isolated individual component tests 
to the performance of the entire 
system. 


The Titan missile has many complex systems. 
Some are internal, some are external support 
systems. The reliability estimating techniques 
described in this article have found extensive 
use in Titan by AMF, and other subcontractors. 
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system reliability ... 


continued 


Estimating System Reliability— 
By accepted method, the reliability 
of a system is equal to the product 
of the reliability values of the sys- 
tem’s individual components. It is 
not apparent how estimates of the 
individual component reliabilities 
may be combined to arrive at an 
estimate of a systems’ true reliabil- 
ity value at a specified confidence 
coefficient. Many people, arrive at 
such an estimate by taking the prod- 
uct of component reliability values. 
These represent the lower limit of 
the confidence interval associated 
with the confidence coefficient speci- 
fied for the system. For example, if 
the system reliability estimate is to 
have a 90 per cent confidence co- 
efficient, the individual subassem- 
bly reliability values corresponding 
to a confidence coefficient of 0.9. 
Then the product of these lower 
limit values are taken to be the sys- 
tem reliability at the specified 0.9 
confidence coefficient. 

This method yields an ap- 
parently ultra-conservative value. It 
is recommended by Space Tech- 
nology Laboratories (STL) in the 
“Titan Reliability Handbook” that 
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a more realistic estimate of system 
reliability would be obtained by 
taking the product of the “best” es- 
timates of the individual component 
reliability values. The “best” esti- 
mate is closely approximated by the 
estimate corresponding to 0.5 con- 
fidence coefficient. 

A method for arriving at a sys- 
tem estimate from a test of com- 
ponents is discussed below. This 
method essentially avoids the prob- 
lem discussed earlier; it tests the 
system by proxy and hence can be 
called a “Proxy Method.” 

If all the components of the 
system could be put on test so as 
to simulate actual operating con- 
ditions, we could say that there is 
no difference between this test and 
a test of the actual system. Thus, 
using the information in the curve 
given below, we could say that if 
there were zero failures during a 
test period corresponding to 2.303 
times the specified mean life of the 
system, the test had verified the sys- 
tem’s reliability spec at the required 
0.9 confidence coefficient. Likewise, 
the system spec would be met if 
there had been a single component 
failure during a test period corres- 
ponding to 3.89 times the specified 
mean life of the system, etc. This, 
of course, assumes that the com- 
ponent failure would have caused a 
system failure. Hence, it is only 
necessary to put all those com- 


ponents on test whose failure would 
cause a system failure. These com- 
ponents are known as “critical” 
components. It is, however, difficult, 
if not impossible, to test compo- 
nents under actual conditions. This 
is especially true before the sys- 
tem is actually built, when stresses 
can only be inferred. Thus, the in- 
ferences drawn about the system’s 
reliability characteristics from the 
component test results, are only as 
accurate as the test stress simula- 
tion. For this reason reliability tests 
on components cannot be said to 
demonstrate system reliability char- 
acteristics. These tests do permit, 
however, a realistic estimate of these 
characteristics. 


There are other practical aspects 
that interfere with using component 
test results to predict system reliabil- 
ity characteristics. For one, not all 
critical components lend themselves 
to operation, and therefore test, out- 
side of the system. Such components 
are usually static devices, such as 
structural elements, solder joints, 
mechanical connections, etc. Other 
reasons include limited funds, time, 
test facilities and personnel. Never- 
theless, it may still be desirable to 
obtain an estimate of the system’s 
reliability, prior to its construction 
and test. The “Proxy Method” can 
be adapted to accomplish this as dis- 
cussed below. 


Representative Tests — There 
has been data gathered by several 
companies (including RCA, Martin, 
Boeing) on component field failure 
rates. The military also is instituting 
a time logging and failure reporting 
system for its equipment. This will 
eventually result in extensive statis- 
tical data on component failure-rate 
characteristics under various mili- 
tary environments. This data may 
be used for components that will not 
be tested. Careful engineering judg- 


I To determine "m" at 90°%/, confidence coefficient, 
divide "t by the value of t/m corresponding to the 
number of Failures "F" that accrued during “t". The 
test time required to verify a specified mean life at a 
confidence coefficient of 0.90 can be determined by 
multiplying the specified mean life by the t/m value 
corresponding to the allowable number of failures that 

= can accrue during the Test Time “t". 


ment should be exercised in select- 
ing components that shall or shall 
not be tested. In general, every at- 
tempt should be made to test new 
components, or those being applied 
in the system in an unusual manner. 
The reason for this is the lack of 
historical failure rate data. 
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The problem now, in determin- 
ing system failure-rate or reliability 
is twofold: 

(1) How to use the published 
failure rates for components not 
tested? 

(2) How to design the tests for 
those components it has been 
planned to test, so as to arrive at an 
estimate of system reliability? 

There are many ways to solve 
these problems by applying the 
statistical principles previously dis- 
cussed. The method selected will 
depend on the accuracy of results 
desired as well as the time and 
money available for reliability test 
purposes. The reasons for this art: 

(a) The duration of a test re- 
quired to demonstrate the needed 
reliability, as discussed previously, 
is propertional to the number of fail- 
ures encountered during the test. 

(b) The accuracy of system re- 
liability determination is also pro- 
portional to the number of failures. 

Using Published Data—To be 
useful, published failure rate data 
must be converted into equivalent 
test data. Most published failure 
rates are listed with a common time 
base, i.e., either 1 million hours or 
1 million cycles; thus, for example, 
pushbutton switches are listed as 
having a failure rate of 0.063 fail- 
ures per million cycles; electro-me- 
chanical timers are listed as having 
a failure rate of 1.5 failures per mil- 
lion hours. Unfortunately, the origi- 
nal test or field operational data 
from which these failure rates were 
obtained are usually not available; 
thus, we usually do not know wheth- 
er the listed failure rates were de- 
rived from data that represent sev- 
eral hundred million component 
hours of operation or just several 
million component hours of opera- 
tion. Hence, we do not know wheth- 
er several hundred or several fail- 
ures were actually observed. It is 
almost certain, however, that suf- 
ficient operating time was accrued 
during which at least one failure 
was observed. A conservative as- 
sumption, therefore, is that the list- 
ed failure rate was derived from a 
test period during which one failure 
occurred; thus, for example, we will 


assume that the failure rate of 1.5 
failures per million hours listed for 
the electro-mechanical timer repre- 
sents a test time of 1 million di- 
vided by 1.5 or 667,000 hr during 
which one failure was observed. 

New Component Tests—We can 
now design our test for the remain- 
der of the components. One failure 
is allowed per component for which 
we use published data and zero fail- 
ures for those components yet to be 
tested. In this case we would have 
to adjust the test time accordingly. 
This is illustrated by the following 
example. 

Suppose the system comprises 
100 components, only 25 of which 
we shall test. It is presumed we 
have failure rate data (published) 
for the other 75 components. Sup- 
pose also that we wish to demon- 
strate a system mean life of “m” at 
90 per cent confidence. If we asso- 
ciate 1 failure with each of the 75 
untested components and zero fail- 
ures for the remaining 25, then we'll 
have to test each of the 25 for a 
duration equivalent to 87 m. To be 
a successful demonstration, there 
would have to be zero failures dur- 
ing the tests on all 25 components, 
for a duration equal to 114 m. 
However, here, the test would be 
successful even if there were up to 
25 failures. 

The equivalent test time calcu- 
lated from published failure-rate 
data must be equal to or exceed the 
test time needed for the components. 
If not, we would have to associate 
more than one failure with compo- 
nents whose published failure-rate 
yields an equivalent test time less 
than the planned test time. This 
would result in fewer failures being 
allowed during the planned tests. 
This means the components under 
test have to be better, to make up an 
apparent deficiency associated with 
an untested component. 

Minimum Test Time — Mini- 
mum possible test time required to 
demonstrate a given system reliabil- 
ity, with a given confidence, is that 
system test time associated with 
zero failures. 

Now the question is: Can com- 
ponents also be tested to this mini- 
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mum test time criteria? The an- 
swer is yes. We need, however, to 
determine, as before, whether those 
components for which published 
failure rate will be used, could sur- 
vive the tests planned for the other 
components. This evaluation can be 
made by converting the test time 
during which one failure is assumed 
to an equivalent test time during 
which zero failures occurred. It can 
be shown, for example, that if one 
failure occurred during a test time 
“X,” then there is a 90 per cent 
chance that in a test time — 0.6 
“X” there would have been zero 
failures. The minimum system test 
time required to demonstrate a sys- 
tem mean life of “m” with 90 per 
cent confidence is equal to 2.3 m. 
This means that all critical parts in 
the system must survive a test time 
equivalent to 2.3 m. If a single 
component fails, the system cannot 
meet its reliability goal. Hence, this 
component must be replaced or im- 
proved. 

The minimum reliability test is 
the cheapest and shortest possible 
demonstration test. However, it also 
yields a minimum amount of in- 
formation about system reliability. 
For example, the above test yields 
the result that there is a 90 per cent 
chance that the true system “m” 
lies in a range between “m” and 
60 m. Therefore, the system re- 
liability could actually be very good 
or just marginal. If, in fact, it is 
marginal, we don’t know which 
components make it marginal. Such 
a test is, therefore, not recommend- 
ed as a qualification test to predict 
the reliability characteristics of all 
future systems that may be pro- 
duced. Rather, such a test is recom- 
mended for a dual purpose: (1) to 
assure quality during production; 
(2) to assure that the required sys- 
tem reliability is not degraded dur- 
ing production. 
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A SINGLE REPRINT 
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as the supply lasts. Write on com- 
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How To Make Value Analysis 


Here are the subsequent steps taken at Northrop. 


industries. 


Total management acceptance and sanction is usually the first hurdle 


in an effective value program. 


"Value thinking” has not had realistic application in the aerospace 


by Philip Geddes, West Coast Editor 


The general concepts of value 
analysis and value engineering are 
supported by management. How- 
ever, the aerospace industry has not 
seen widespread and realistic appli- 
cation of these systems. 

Even now at a time when profit 
is being driven down by increasing 
costs, much more is being said than 
done. A good measure of the depth 
of application of “value thinking” is 
to examine the number of people 
devoted to its cause in each major 
company. There are disappointing- 
ly few. 

Cost conscious Northrop Corp. 
has been studying value analysis 
techniques for two-and-a-half years. 

Savings to date, mainly in the 
Norair Div., amount to approxi- 
mately $1.5 million with an esti- 
mated $500,000 in effect. Despite 
these cost reductions it is only in 
recent months that some corpora- 
tion-wide weight has been put be- 
hind value analysis. And Northrop 
is probably ahead of the average 
aerospace company. 

Norair’s value expert, H. K. 
Davidson, displays a resolute tenaci- 
ty of value concepts. He looks at 
the savings earned during the learn- 
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ing months at Norair and then com- 
pares this sum with the total corpo- 
ration spending for that period. His 
conclusion: if it is possible to save 
so much with X amount of effort, 
think of what will be achieved in the 
future with 2X, 3X, etc., amount of 
effort. 


What Is Value Analysis?— 
Value Analysis in the broad sense is 
“the study of function, in order to 
determine the lowest cost method of 
reliably performing the essential 
function” by Davidson’s definition. 

What do the three basic expres- 
sions value, function, and alterna- 
tive cost mean? Value is the lowest 
price that must be paid to perform 
an essential function. Function is 
the useful job, a part or item of ma- 
terial performs. Alternative cost is 
the price of other materials or serv- 
ices which will perform the same 
function. 

Where does value analysis 
work? It is at this point that the 
difference between value engineer- 
ing and value analysis must be 
pointed out. The two terms bear 
a close relationship to one another 
but differ in the point and time of 


application. Value engineering 
focuses attention on value in the 
conceptual stages of design. It is at 
this starting level that the USAF is 
so interested in applying value tech- 
niques. Once a design is released, 
the designer has automatically estab- 
lished the minimum cost of an item. 
Norair’s Davidson points out that 
nothing can be done to reduce that 
minimum cost without a change in 
the design, and that design changes 
are in themselves very costly. Many 
changes can be avoided by value 
thinking from the outset. The con- 
ceptual design area however, is the 
most difficult to appraise since there 
is no established measure of “value 
effort” yet it is here in the embryo 
that the biggest savings can be 
realized. Every design engineer 
must become a value engineer by 
exposure to value techniques. And 
in practice, the designer must be 
provided with knowledge of what a 
design is going to cost, as a starting 
point in reducing that cost. 


Value analysis, in the Norair 
sense, follows on value engineering, 
after the release of a design. The 
design must be processed by pro- 
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duction and procurement before be- 
ing manufactured and a second look 
at cost is in order. Here the prob- 
lems of the making or buying a 
design must be solved to the satis- 
faction of the value analyst. “He 
must determine minimum require- 
ments and desired requirements, 
compare costs, then endeavor to ob- 
tain agreement upon an acceptable 
level of performance, reliability and 
cost, consistent with quality and 
schedule requirements.” No small 
task and one which involves the 
designer. 

How Value Analysis Works— 
The discussion so far has been 
reaching into something deeper 
than reducing the cost of a part by 
the customary analytic approach of 
what it is made of or will someone 
else make it for less. More than a 
simple cost consciousness is in- 
volved. The value specialist at 
Norair for example, must answer 
five basic questions: 

What is the part? 

What does it do? 

What does it cost? 

What else will do the job? 
What would that something 
else cost? 

t is suggested that these five 
questions be preceded by “is the 
function necessary in the first place 
and what does that function cost?” 
Value analysis then is concentrating 
not on cheapening a part but eval- 
uating its function. After a reason- 
able evaluation comes the cost ques- 
tion and an examination of possible 
ways to make or do the same thing 
for less. 

Applying value-analysis prin- 
ciples to design and production will 
achieve two basic things. The first 
will permit an effective approach to, 
and solution to, many cost problems 
and secondly will demonstrate ‘the 
presence or absence of value in an 
item.” The conclusions to be drawn 
on noting the absence of value need 
not be enlarged upon. High costs 
creep into designs because of such 
things as: lack of information, want 
of an idea, temporary conditions, 
honest wrong beliefs, and habits and 
customs. All of which can be over- 
come by a value specialist without 
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necessarily changing the original de- 
sign concept. 

The Value Specialist — What 
must a “value specialist” do? What 
makes a good “value analyst”? He 
must be an idea man with knowl- 
edge of the market and products 
available to the designer. He must 
have enough engineering back- 
ground to understand the design- 
er’s problems but not necessarily 
the same depth to solve them. It is 
not his place to undermine the po- 
sition of the designer as the “captain 
of a team” but he is there to sup- 
plement engineering effort. After 
all, he is part of a management tool 
at operational level. To be success- 
ful a particular type of individual is 
required, possessing basic character- 
istics such as: an inquiring mind, 
skepticism, imagination, common 
sense, progressiveness, willingness 
to break tradition, all backed up 
with broad background in industry. 

A tall order perhaps, but the 
analysis can only be as good as the 
analyst. The ideal individual with 
the proper experience is not readily 
available on the labor market so 
newcomers must be trained by the 
small group of specialists already 
available. Value analysis is too new 
to have created an abundance of 
specialists. 

A trained specialist recognizes 
cost saving possibilities not so ap- 
parent to others and directs efforts 
required to coordinate for results. 
Uncoordinated value studies can 
waste time and effort by leading up 
blind alleys, duplicating efforts, and 
lowering costs in one place while 
raising them in others. 

Establishing Value Analysis— 
Solution of the biggest problem in 
establishing value analysis lies with 
the management team accepting the 
idea and wanting to create it. Every 
company wants to reduce costs. Too 
often cost reduction is everyone’s 
business but no one’s direct re- 
sponsibility. It is a collateral duty 
and such things by their nature are 
relegated to second place. For value 
techniques to succeed, top manage- 
ment must establish the right cli- 
mate by giving strong policy back- 
ing at all levels. 


November 1961 


Since value analysis will chal- 
lenge the thinking of many, and up- 
set the thinking of a few, manage- 
ment must back it strongly. The 
closed minds must be opened. 
Closed minds will not allow new 
ideas to be evaluated freely. Pride 
of authorship is common to many, 
and bears encouragement, but not 
to the point where it is a roadblock 
to what is best for the company. 
The biggest pitfall in establishing 
value analysis after finding the right 
people is probably in the field of 
human relations. People will not 
buy ideas unless they want to, and 
consciousness that management sup- 
ports the ideas will help establish 
them. 

Following total management ac- 
ceptance of the value idea, intensive 
education effort must be undertaken 
to make all levels of company per- 
sonnel aware of the functions of the 
system. As contemplated in the 
Radioplane Div. of Northrop, brief- 
ings can be set up as follows: 


Participants Length Schedule 


VPs & assistants 5 days 1hr/day 


Section Directors 5days 1% hrs/day 
Administrators, Group 
Leaders and Foremen 5 days 2 hrs/day 
Supervisors 5days 2 hrs/day 
Non-Supervisors 

(Salaried) 5 days 2 hrs/day 
Hourly Prod. 
Workers lday One 2-hr 

class/gzroup 


Such a schedule takes in the 
whole of a plant putting the em- 
phasis where it is most needed. 
Radioplane’s top management is 
brought up to date on value analysis 
but without the detail for their next 
lower tier managers. Production 
workers are given little briefing. 

What kind of return do you get 
on every dollar invested in value 
analysis? The experts peg the re- 
turn on the investment at ten for 
one. 


a 


A SINGLE REPRINT 


of this article is available as long 
as the supply lasts. Write on com- 
pany letterhead to: The Editor, 
AEROSPACE MANAGEMENT, 56th 
& Chestnut Sts., Phila. 39, Pa. 
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THE ORBITING ASTRONOMICAL OBSERVATORY (QAO) will be a marvel 
of management and engineering, if it works as planned. Grumman 


Aircraft Engineering Co. is under $30 million NASA contract as 
prime contractor and systems manager to have the first observatory 
ready for orbit in 1963. Universities across the nation are 

already planning detailed experimental! projects for super accurate 


star-gazer. 


Planning and 
Engineering 


About 1963 Grumman and 
NASA will have built and placed 
in orbit an Astronomical Observa- 
tory. It will function as a robot and 
give man an unobstructed view of 
the universe. 

The first Orbiting Astronomical 
Observatory (OAO), weighing 3300 
lb, will be launched from Atlantic 
Missile Range. The booster sched- 
uled for the job is the Atlas- 
Agena B. 

If the OAO works as planned, 
it will be a marvel of management 
and engineering. 

Built by Grumman Aircraft En- 
gineering Corp., for NASA, the 
OAO is intended as a “work-horse” 
spacecraft. It consists of an octa- 
gon-shaped standard shell of alumi- 
num 9.5 ft high by 6.5 ft wide, and 
a 40-in. diam experiment chamber. 

OAO will have a stabilizing sys- 
tem to “lock” astronomical equip- 
ment on the star, sun, or planet it 
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by S. Peter Kaprielyan, Technical Editor 


the OA 


Antenna test model of OAO is examined by key project men at Grumman. Harry 
Hansen, Asst. project engineer is at left, and Harrell, project administrator, right. 
OAO is designed with 70 per cent probability of working in orbit in one year. 


is observing. Using its fine pointing 
control, it will be able to track a 
star with an accuracy of one-tenth 
of a second arc—roughly the equiv- 
alent of locking on to a basketball 
500 mi away. 

According to Walter Scott, Pro- 
gram Manager at Grumman, the 
precise stabilization equipment in 


the OAO will allow a better pointing 
accuracy than that of any Earth- 
bound telescope. ‘ 

A satellite command system will 
receive ground signals to point and 
operate the satellite and its experi- 
ments. It will verify commands it 
receives and store commands for ex- 
ecution as long as two hours later. 
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PROGRESS 


RECEIPT 
OF 
CONTRACT 


A television tube will transmit 
pictures to ground stations to verify 
the direction in which the satellite is 
pointed. 

Stabilization System — After 
separation from the booster, the 
stabilization and control sub-sys- 
tem will be activated to control and 
orient the spacecraft. Primary stabi- 
lization and control components in- 
clude stellar and solar trackers, rate 
gyros, a TV system and magnetom- 
eters. A gas jet system, coarse and 
fine inertia wheels and a set of mag- 
netic coils will stabilize and point 
the satellite. 

There are four RF links for 
tracking, command and telemetry 
purposes. Programmed commands 
will be sent to the observatory from 
specially-equipped Méinitrack Sta- 
tions and will originate from cen- 
tral control at Goddard Space Flight 
Center. Large dishes will be erected 
at several minitrack stations for this 
purpose. The same ground facilities 
will receive and record data trans- 
mitted from the observatory. 

Instrumentation and data proc- 
essing equipment in the satellite fa- 
cilitates the accumulation of data. 
A data storage unit with 100,000- 
bit capacity is provided for infor- 
mation derived when the OAO is 
bevond line-of-sight of the ground 
station. Thus data can be retained 
on-board until satellite passes over 
ground stations, command its ex- 
periments, and receive its telemetry. 
Large dishes will be erected at sev- 
eral minitrack stations for this pur- 
pose. 

Paddles covered with solar cells 
will generate the 350 watts of power 
required to operate the experiments 
and satellite equioment. Basic O0AO 
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power supply is a 28-volt system. 


RELIABILITY—One objective 
of the program is to design an OAO 
with 70 per cent probability of op- 
erating in orbit for one year. The 
high reliability required of the 
spacecraft itself, however, coupled 
with an extremely tight development 
schedule, precludes sufficient system 
testing to prove statistically 70 per 
cent reliability of the overall space- 
craft system. To overcome this 
problem, several important steps are 
being taken during the development 
stage: 

Reliability Apportionment—<As 
an approach to achieving the overall 
spacecraft reliability, the 70 per 
cent reliability is apportioned among 
the various sub-systems and compo- 
nents. This is done on the basis of 
relative complexity and relative im- 
portance to the successful operation 
of the spacecraft, as indicated by a 
failure effect analysis. Each com- 
ponent is then designed to meet its 
assigned value. 

Reliability Assessment — All 
phases of the design effort are moni- 
tored and estimates of the reliability 
of all sub-systems and components 
are maintained to insure that each 
part will meet its reliability require- 
ment. 

Failure Effect Analysis — An 
analysis of all conceivable failures 
and their effects on the experimen- 
tation capability of the observatory 
are made to uncover critical reliabil- 
ity areas. 

Experiments Planned — Among 
experiments NASA is planning for 
OAO flights are: 

@ Smithsonian Astrophysical 
Observatory’s proposal to use sev- 
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eral 8-in. telescopes, each coupled 
with a video tube to map ultraviolet 
radiation over the entire sky: Hy- 
drogen, over a thousand times more 
prevalent than all other elements 
combined in the universe, shows its 
presence most strongly in the ultra- 
violet region. Also because baby 
stars probably have strong ultra- 
violet emissions, it is hoped to learn 
more about how stars are born. 

@ University of Wisconsin pro- 
posal to measure the brightness of 
ultraviolet emissions from the stars: 
This data will lead to information 
on temperatures and structures of 
stars as well as to their life histories. 

@ NASA’s Goddard Space 
Flight Center’s proposal to use a 
36-in. mirror and spectrometer to 
study emissions from a wide range 
of celestial bodies: Sounding rocket 
flights have indicated areas in the 
sky which are particularly bright 
with ultraviolet radiation invisible to 
optical and radio telescopes. This 
experiment is designed to further in- 
vestigate these areas. 

@ Princeton University Obser- 
vatory’s proposal to use a 24-in. 
mirror. and spectrometer to study 
cosmic gas and dust by observing 
them against the stars: A spectrom- 
eter can determine the effect of cos- 
mic and dust upon the radiation 
from a star. This experiment will 
indicate whether the elements occur 
in the same relative proportion 
everywhere in space. 

@ Harvard University’s propo- 
sal to make spectrographic studies 
of solar activities to help further 
understanding of Sun-Earth rela- 
tionships. 


Ground Support — OAO pro- 
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gram requires a number of pieces 
of ground support equipment. Basi- 
cally they are of two kinds—ground 
handling and transport equipment; 
and electronic checkout and test 
equipment. 

To prevent contamination 
(which might result in harmful out- 
gassing in orbit) the OAO must be 
constructed in an ultra-clean envi- 
ronment and must also be kept in a 
similarly clean atmosphere at all 
other times until launch. For this 
purpose an air-conditioned trans- 
port trailer is required. The trailer 
provides a clean, low - humidity, 
shock-free environment during intra 
and inter-plant movement, and dur- 
ing transport to CSFC and Cape 
Canaveral. Although the trailer is a 
roadable vehicle, it can also be car- 
ried by C-133 or C-124 aircraft 
when faster transport is required. 
The OAO can be hoisted in any atti- 
tude with a set of slings. 


Electronic Checkout—There are 
three categories of electronic check- 
out and test equipment: (1) Unit 
Checkout Equipment (UCE); (2) 
Fixed Systems Test Equipment 
(FSTE); (3) Mobile Systems Check- 
out Equipment (MSCE). 

UCE is used to test incoming 
equipment on a unit level and to test 
satellite equipment during various 
stages of the qualification and ac- 
ceptance test programs. FSTE sys- 
tem serves to check out completely 
assembled OAO’s. With the FSTE 
facility, it is possible to exercise 
electronically all observatory equip- 
ments and to program the OAO 
through complete simulated orbital 
cycles. The FSTE will be used in 
conjunction with 30-day thermal 
vacuum tests, the large stabilization 
and control simulator, and the facil- 
ities for a 90-day demonstration. 

Two sets of MSCE will be fur- 
nished to NASA. Capable of check- 
ing out fully assembled OAO’s, each 
set of this equipment will be in- 
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stalled in an air-conditioned trailer 
van. Each OAO leaving Grumman 
will be accompanied by a van to 
check out the satellite at Goddard 
Space Flight Center and at Cape 
Canaveral. 

Present plans are for the van to 
have a pre-launch check-out capa- 
bility. The only Grummian supplied 
equipment required in the launch 
(block-house) area is a power supply 
to keep the batteries in a continuous 
state of charge. During launch, the 
MSCE van is located several miles 
from the pad in the hangar area. All 
checkouts are performed remotely 
by means of an RF link to the ob- 
servatory, through the RF-transpar- 
ent shroud on the Agenda B. 

Principal Subcontractors — As 
OAO prime contractor, Grumman 
is responsible for spacecraft systems 
engineering and systems integration. 
Grumman also provides the space- 
craft structure, structural mecha- 
nisms, and thermal control systems, 
and will perform all systems testing. 
The observatory program is sup- 
ported by a number of subcontrac- 
tors working with Grumman in the 
electronics sub-system areas to de- 
velop, test and manufacture space- 
craft equipment. 

Principal OAO subcontractors 
are: GENERAL ELECTRIC 
(MSVD) provides a number of Sta- 
bilization and Control components 
and performs sub-system analysis, 
design, development and test. The 
tested sub-system equipment fur- 
nished by GE includes the Star 
Crackers (subcontracted to the 
Kollsman Instrument Company) 
Rate Gyros, Solar Senors (sup- 
plied by Ball Brothers) Control 
Logic and Electronics, Gas Jets, 
and Inertia Wheels. Working with 
the Data Processing sub-system, this 
equipment provides automatic con- 
trol and stabilization of the space- 
craft. 

IBM Space Guidance Center is 
the subcontractor providing the 


“control center” for the observatory. 
IBM is responsible for the design, 
development, test, and manufactur- 
ing of the Primary Processor and 
Data Storage units of the Data Proc- 
essing sub-system. Included in the 
Primary Processing are the System 
Clock which synchronizes all sub- 
systems, the Command Decoder and 
Distributor, Command Storage for 
delayed commands, Data Storage 
and Programmer, and additional 
Stabilization and Control Logic. 


Other Spacecraft Subcontractors 
—RCA’s Astro-Electronics Division 
is providing the Stellar Television 
Camera Equipment. Another major 
spacecraft equipment subcontractor 
is the Alkaline Battery Division of 
Gulton Industries, who provides the 
Nickel-Cadmium Storage Batteries 
for the power supply. The Data 
Handling Equipment, both space- 
craft and experimenter’s equipment, 
will be provided by Radiation Inc. 
The Power Conversion Equipments 
are subcontracted to Engineered 
Magnetics Division of Gulton In- 
dustries. Hughes Aircraft will pro- 
vide the Transmitters and Beacon. 
Avco’s Ordnance and Electronics 
Division will supply the Command 
Receiver. 

WESTINGHOUSE AIR ARM 
DIV. is designer and manufacturer 
of the Ground Operation Equipment 
for the three Minitrack Stations and 
the Central Control Station. Also 
included are Ground Data Process- 
ing Equipment, data displays to aid 
in ground control and OAO status 
analysis, and Command Generation 
Equipment. The equipment is to 
supplement that already provided by 
the Minitrack Stations. 
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A SINGLE REPRINT 


of this article is available as long 
as the supply lasts. Write on com- 
pany letterhead to: The Editor, 
AEROSPACE MANAGEMENT, 56th 
& Chestnut Sts., Phila. 39, Pa. 
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A special Pesco team of 
creative engineers experienced 
in cryogenic handling problems 
evaluates design and 
performance characteristics 

in all stages of 
pump development. 


PRECISION 
PUMPS 
FOR 


8698- PC 


Injecting thrust-giving cryogenic fuels and oxidizers into 
missile propellent systems .. . or from storage to point- 

+ of-use ... requires the vital safeguards and unerring per- 
Y formance designed into reliable Pesco Cryogenic Pumps. 
The product of Pesco’s five years of experience in the 
relatively newborn science of cryogenics, these pumps 
are custom engineered for optimum performance and 
offer capacities over 1000 gpm, heads to 3300 feet and 
temperature ranges to —420° F. Designed to handle 
liquid oxygen, hydrogen, nitrogen and other elements, 
these single- and multi-stage centrifugal pumps operate 
submerged or externally mounted .. . in either vertical 


Creative or horizontal positions . . . provide instantaneous opera- 
engineering tion even after extended soak periods! Pesco design- 
..-for production-testing teamwork provides pumps that meet 


the space age __ and surpass military reliability requirements . . . pumps 
with the proven ability to accomplish their mission! 
Write today for complete information. 


PESCO PRODUCTS DIVISION 


BORG-WARNER CORPORATION 
24700 North Miles Road «+ Bedford, Ohio 


Export soles: Borg-Warner International Corporation * 36 South Wabash Ave. * Chicago 3, iil, 
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$ DEFENSE $ 


The Economic Outlook 


® Deep-seated order prevails in defense spending 
—contrary to general impressions. 


® RED spending is a barometer for future procure- 


meni. 


® Increased spending through fiscal ‘66 will be ac- 
companied by greater cost consciousness. 


Prepared by Lionel D. Edie & Co., In 


Economics Div., 
Consultants to 
AEROSPACE MANAGEMENT. 


At first glance, the defense mar- 
ket seems erratic. And there is a 
general public impression that our 
defense policies are in constant flux, 
and lacking in firm concepts and 
purposes. 

A closer look at defense spend- 
ing reveals a deep-seated order pre- 
vailing under a surface seething 
with changes. This order is imposed 
by the schedule of scientific and 
technological change, by the needs 
of the armed forces and by the alter- 
natives open to the authorities ulti- 
mately responsible for the defense 
of the country. 


Caution Counseled—The de- 
fense effort encompasses ten per- 
cent of the output of all goods and 
services produced by our economy. 
Caution is the watchword in shift- 
ing resources from one defense area 
into another or in tampering with 
the overall size of defense outlays. 


Indiscriminate expansion of de- 
fense production gave rise to infla- 
tionary price spirals in the past. The 
demand of the military siphoned off 
resources from the civilian economy. 


A sudden cutback in defense 
spending, even a temporary one, 
tends to throw the economy into a 
recession. These lapses occurred in 
1953-1954 and 1957-1958. 
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The safety and economic health 
of the country will be preserved only 
if the defense planners manage their 
limited funds so as to phase-in and 
phase-out programs without inter- 
fering with the working of the civil- 
ian economy. 

The R&D Barometer—The eco- 
nomics of the defense program are 
very important for understanding 
the future developments in the de- 
fense program. 

Perhaps the most significant con- 
sideration regarding the future is the 
direction of research and develop- 
ment which will eventually deter- 
mine the type of material to be 
bought later on. The spending of 
each branch of the military services 
has run a cycle from a concentra- 
tion research and development into 
heavy procurement and back again 
to research and development. 

Since the mid-1950’s the United 
States has engaged in a concen- 
trated research and development 
effort to develop an ICBM which 
would serve as a deterrent and a 
retaliatory weapon. The research of 
the late 1950’s is now being trans- 
lated into procurement designed to 
build an inventory of these missiles. 

By 1963 or 1964 the present 
missile procurement phase will have 
run its course, leaving a relatively 
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larger proportion of total funds for 
another research and development 
phase aiming to develop a complete- 
ly new set of defense systems. 

Defense Evolution—Seven years 
ago the United States had the most 
powerful military establishment in 
the world relying on superior per- 
formance aircraft. The launching of 
Sputnik in 1957 spotlighted the per- 
formance ability of rockets and 
called public attention to deficien- 
cies of American missilery. Public 
opinion soon brought pressure to 
bear on the government to engage 
in a concentrated effort to develop 
a missile arsenal. 

Research and development ex- 
penditures were channelled into the 
development of an ICBM. But, 
limited funds forced the military to 
siphon away money previously allo- 
cated for air power buildup. 

The first step in the accelerated 
missile program came with the de- 
velopment of an intermediate range 
missile, and the building of an 
IRBM inventory until more ade- 
quate weapons could be developed. 
By 1960 liquid rocket propellant 
technology had advanced sufficient- 
ly to make the government enter in- 
to the heavy procurement phase of 
ICBMs. At this stage the decision 
was made to build an inventory of 
ICBM missiles while planning their 
phasing-out from procurement in 
favor of more sophisticated solid- 
fueled ICBM missiles, when these 
would become available. 

Although liquid propelled 
ICBMs generate a greater specific 
impulse, they have proven too ex- 
pensive, require too much prepara- 
tion for launching, lack storability 
and mobility, and are not easily 
mass produced. As a result, current 
production runs of ICBM missiles 
are likely to enter the phasing-out 
stage sometime after 1963 when cur- 
rent solid fuel missile research and 
development will permit the pro- 
curement of the Minuteman. 

Cost Consciousness—Initial mis- 
sile procurement was done with lit- 
tle regard to cost. When a balanced 
missile inventory will come into 
being the procurement and mainte- 
nance costs will receive greater at- 
tention. An effort will be made to 
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lower costs through line production 
of missiles and by avoiding the 
duplication of research efforts by 
individual services. 

In the next five years the num- 
ber of missile models in the pro- 
duction line will be cut back sub- 
stantially leaving some excess pro- 
duction capacity that could be 
drawn on in emergencies. 

Success In 60’s—Success in the 
1960’s will be achieved by com- 
panies with superior scientific talent 
and with management that will push 
forward research and development 
programs designed to solve the cost 
and technical problems facing the 
military. 

The next missile procurement 
phase will center around the pur- 
chase of large quantities of Minute- 
men and Polaris missiles. Once this 
phase of the defense program is 
completed the defense authorities 
will have to turn their attention to 
the gap which still exists in the area 
of defense against enemy ICBM 
attack. 

Defense Is Next—The Nike Zeus 
program and the various warning 
and detection systems, such as 
BMEWS and DEW lines, are prov- 
ing completely inadequate to per- 
form this task. Future funding of 
project Defender and other pro- 
grams aiming to solve deficiencies 
in this area is likely to be increased 
considerably. 

The military must know when 
the enemy is about to launch an 
attack and the location of enemy 
missile bases against which a retali- 
atory strike is to be mounted. Ever 
since the U2 incident the United 
States lost some of the means for 
detecting the location of new Soviet 
military installations and other new 
targets to hit in event of an attack 
on the United States. An expanded 
military program including projects 
Samos, Midas, Notus, and Dyna- 
Soar is designed to remove this 
deficiency. 

“Limited” War—Russian dicta- 
torship seems reluctant to face the 
consequences of a nuclear war and 
is, therefore, bent on spreading 
communist influence by propaganda, 
economic penetration, guerrilla and 
small brush-fire wars. More money 
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AIR FORCE SHARE 
OF TOTAL PROCUREMENT “s, 


NAVY SHARE OF 
TOTAL ROTS&E 


ARMY SHARE OF 
TOTAL ROT SE 


1955 


1956 1957 1958 


will, therefore, be spent in the fu- 
ture to increase our limited war- 
fare capabilities, to create a fleet of 
modern transport planes’ with 
STOL/VTOL capabilities and to 
extend our sealift facilities. 

Ordnance and other procure- 
ment to modernize the equipment 
of ground forces will also be stepped 
up. The Navy is putting a great deal 
of effort into its anti-submarine war- 
fare program in order to block Rus- 
sian attack with nuclear powered 
missile-firing submarines. 

Patterns For Future—In the fu- 
ture hardware will be manufactured 
which meets requirements and speci- 
fications of all three services. A 
step in this direction is the develop- 
ment of a tri-service fighter aircraft. 

The defense spending pattern 
projected in the next five years, tak- 
ing into account increased space 
spending, is expected to move along 
the following broad trends. 


(1) An increase of about $2 to 


$3 billion on the average annually 
during the next five years, provided 
that the international situation will 
not deteriorate any further. 

(2) Spending on missiles will 
absorb the largest part of procure- 
ment funds with Atlas and Titan 
being phased-out by 1963, and with 
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Polaris and Minuteman reaching 
their phase-in peak then. The mis- 
sile program spending should be in 
the vicinity of $7.0 billion by 1965, 
compared with $4.5 billion slated 
to be spent in 1962. Spending for 
aircraft is expected to continue slid- 
ing downward with some exceptions: 
the development of a B-70 chemi- 
cal bomber or a substitute aerospace 
plane, and the development of a 
tri-service fighter. 

(3) Today’s bomber program 
centering around B-52 and B-58 
will end by 1963. The numbers of 
fighter aircraft models and the quan- 
tity of planes purchased will also 
decline by 1965 to a $3.5-$4.0 bil- 
lion range. The present level is $6.5 
billion. Funding for a military and 
civilian space program is projected 
at $7.0 to $9.0 billion in 1966 com- 
pared with $2.3 billion to be funded 
in 1962. 


A SINGLE REPRINT 


of this article is available as long 
as the supply lasts. Write on com- 
pany letterhead to: The Editor, 
AEROSPACE MANAGEMENT, 56th 
& Chestnut Sts., Phila. 39, Pa. 
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Inspection of a Vinco gearbox by an auto- 
collimator and a polygon reflector segment. 


Test stands for missile guidance systems include a gearbox built by 
Vinco to isolate the gyro system from the earth’s rotation. Driven 
by an 1800 RPM synchronous motor, with a gear head stepdown to 
1RPM, it produces an output motion of one turn in one sidereal day. 
Output accuracy limit of 3.6 seconds of arc reflects the action of 8 
Vinco gears and 9 precision ball bearings. It is equivalent to .00018” 
error of motion at the pitch line of a 32 diametral pitch, 20° pressure The Vinco Optical Master In- 


. . spection Dividing Head is the 
angle, 20.625 pitch diameter output sector. neat aceusiiet tetiiesaes of We 


Such accuracy is a must for checking the error or drift of gyroscopic kind for checking angular spacing. 
and inertial guidance equipment. The gears in the sidereal rate test Accuracy is guaranteed within a 

. ; : ° total variation of 2 seconds of 
gearbox were ground and inspected on Vinco equipment by Vinco 4,. (+ 1 second). This instru- 
craftsmen. This personnel and equipment are available for producing ment is available in both standard 


gears of the same high precision for you. and heavy duty models. 


VINCO CORP., 9111 Schaefer Hwy., Detroit 28, Mich. 
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Pressure mounts 


from “very high” sources 
to “spread the wealth” 
in military contracting . . . 


small business is 
BIG PROBLEM 


by Alexander Black, vice president 
Military Products Div., Fruehauf Trailer Co. 


The military is determined to 
pursue a policy of supporting small 
business more than in the past. I 
hold no disagreement with this basic 
policy. I believe, however, that the 
increase in dollars to small business 
should be implemented in a more 
practical manner than through an 
empirical formula. That is, by auto- 
matically setting aside business here- 
tofore allocated, increasing this 
amount by 10 per cent, or breaking 
out components, etc. The so-called 
“blocking out” items for small busi- 
ness bids could be dangerous. More 
consideration should be given to ty- 
ing small business with the large 
primes. They could carry out this 
policy with a minimum adverse ef- 
fect on the quality of the end-prod- 
uct, with less time-lag and expense. 
Obviously, not enough emphasis is 
placed upon this method of support. 

If it is true that major prime 
contractors must serve as agents of 
the government in assuring that a 
fair share of the military procure- 
ment dollar goes to small business, 
then the major primes must be 
given authority over the administra- 
tion of this policy. 

Possibly, a long-range plan 
should be developed for each new 
system which would phase small 
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business into participation as the 
program reaches fruition. The dol- 
lar value of contracts in their early 
stages are primarily in the engineer- 
ing, research and development, and 
prototype areas. The prime man- 
ager is in the best position to deter- 
mine when certain areas of a pro- 
gram could be spun off into a small 
business procurement—this is a 
progressive procedure based on the 
development planning of the proj- 
ect. It has occurred that certain 
programs have been peeled away 
from their manager and placed for 
national bid; or, these have been 
directed toward small business often 
unaware of the specifications or 
lacking the needed know-how. This 
has led to either failure to produce 
a quality product, or high costs have 
forced the small business operator 
to face bankruptcy or cancel out of 
the program. Hence, new bidders 
may be called in with the possibility 
of a repetition of this whole process 
which is costly to the government. 
Another thing might be accom- 
plished through careful selection of 
prime contractors. This is the area 
of capabilities. There appears to be 
a growing tendency by both small 
and large business to expand capa- 
bilities to the expense of a program. 
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Critic Black 


- +» empiricism is dangerous . . . 


It is my feeling that a greater weigh- 
ing factor should be applied to bid- 
ders who offer the greatest capabil- 
ity in the specific area of a program 
under consideration. Or, companies 
who propose to add to their capabil- 
ities as a program develops should 
perhaps be required to share the 
cost of this growth rather than 
charge it off to the project itself. 
We should, at this point, also ques- 
tion the logic of allowing CPFF 
contracts to become the instrument 
which permits a company to expand 
its capability and dollar potential 
where that capability is generally al- 
ready available in surplus. 


* 


A SINGLE REPRINT 


of this article is available as long 
as the supply lasts. Write on com- 
pany letterhead to: The Editor, 
AEROSPACE MANAGEMENT, 56th 
& Chestnut Sts., Phila. 39, Pa. 
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DR. MAX T. WEISS joins Aerospace 
Corporation as director of the Elec- 
tronic research laboratory. 


MGX—3600— 12” 


Each Milichex is interferometer checked and 
certified to be within % second of arc accuracy 
in 360°. Heart of the Milichex is a pair of 
meshing plates—each with 360 precision ground 
serrations. Upper plate rotates to desired 
angular setting and plates mesh into exact 
position upon shifting locking handle. 


@ FOR SETTING TO 
44° INCREMENTS 


. Men on the Move 


Double table model indexes in full or 
fractional angles to 15-minute increments 
without gage blocks. Models for 1/10 de- 
gree and other increments also available. 


Dr. Elizabeth B. See 
Acoustica 


DR. DONALD A. HICKS has been ap- 
pointed vice president of engineering 
for Radioplane Division of Northrop. 


PRECISION INDEXING 
TO % SECOND OF 
Prose ACCURACY WITH 


MILICHE, a 


ROTARY INDEXING 


TABLES 


for machining, inspecting, grinding 


All 720 teeth are in positive engagement when 
table is locked—there is no possibility of slip- 
page or error due to worm-gear play, etc. In 
use, teeth lap each other so that accuracy 
actually improves with wear. Model shown has 
optional sub-plate assembly for settings to 
minutes and seconds. Sine plate also available. 


@ MILICHEX 
OPTICAL POLYGON 


Incorporates optically flat mirror capable 
of being set to any full degree. Replaces 
any multi-sided polygon divisable into 360 
degrees. Accurate to % second of arc. 


@ FOR SMALLER 
PRECISION WORK 


7” Milichex can be used by itself or built 
into manufacturing or checking setup. 
Optional base (shown) permits use hori- 
zontally or vertically. 


@ AUTOMATED FOR 


Remote control console models with digital 
readouts . . 


REMOTE OPERATION to any angle or push-button indexing a 


preset number of degrees. 


. allows automatic indexing 


MICHIGAN TOOL COMPANY 


7171 E. MeNICHOLS ROAD, DETROIT 12, MICHIGAN 
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Wilhelm F. Juptner 


Nevin Palley 
Babcock Relays 


Curtiss-Wright 


DR. ELIZABETH B. SEE formerly chief 
chemist for the El Segundo Division 
of Douglas Aircraft, has joined 
Acoustica Associates as senior scien- 
tist in the research department. 


WILLIAM B. ROSSNAGEL has joined 
the Aero-Space Division of Walter 
Kidde & Co., Inc. as manager of re- 
liability for the research, develop- 
ment and engineering departments. 


MANSFIELD D. SPRAGUE recently 
named to head overseas operations 
for American Machine & Foundry 
Co. at the firm’s subsidiary in Geneva, 
Switzerland. 


NEVIN PALLEY joins Curtiss-Wright 
Corp. as executive vice president. 


ROBERT L. HOSKINSON named direc- 
tor of corporate planning and control 
for Douglas Aircraft Corp. 


VINCENT MOORE, former chief of 
design of the Hamilton Standard Di- 
vision of United Aircraft Corp., has 
been named chief engineer of the In- 
dustrial Products Division of Boeing 
Company. 


JOHN R. O'BRIEN appointed to 
newly created post of corporate di- 
rector of government relations for 
Hoffman Electronics Corp. 


DR. CHARLES M. HERZFELD has been 
appointed assistant director for bal- 
listie missile defense research in the 
Advanced Research Projects Agency. 


LEROY CAMEL elected vice president 
of Detrex Chemical Industries, Inc. 


M. L. DOELZ has been named direc- 
tor of the information Science Center 
of the Collins Radio Co. Doelz is 
currently vice president and general 
manager of the Newport Beach, Calif. 
center. 


ALFRED E. GRAZEN, formerly an 
Emco Industries executive, has been 
appointed president and general man- 
ager of Sterling Electric Motors, Inc., 
Denver. 


FREDERICK C. DURANT III named 
Washington, D. C. representative for 
the Aerospace-Rockets Div. of Bell 
Aerosystems Co. 
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Wayne D. Stinnett 


Mansfield D. Sprague 
AMF Aerojet-General 


JOHN A. VAUGHAN recently became 
manager of Du Mont Military Elec- 
tronics Department of Fairchild 
Camera and Instrument Corporation’s 
Defense Products Division. 


FRED KANN assumes position of 
president of R.E.D.M. Corporation. 


WAYNE D. STINNETT was recently 

appointed to manage the technical 
part of the NERVA program for 
Aerojet-General Corporation. 


JOHN R. HERRING promoted to man- 
ager, engineering and _ production, 
west coast testing division of Wyle 
Laboratories. He was formerly di- 
rector of the program office. 


HOWARD W. McFARLAND named to 
manage the Aerospace Propulsion 
Department at Marquardt Corp. 


ROBERT A. MORRISON joins Electro- 
Optical Systems, Inc. as manager of 
the engineering department of the 
Advanced Blectronics and Informa- 
tion Systems Division. 


DANIEL J. HAUGHTON recently suc- 
ceeded Cortlandt S. Gross as presi- 
dent of Lockheed Aircraft Corp. 


ALVIN CHARLES WELLING, deputy 
for site activation in the Ballistic 
Systems Division, Air Force Systems 
Command at Los Angeles, was re- 
cently promoted to Major General. 


ROBERT R. LENT has been elected 
president of Strategic Industries 
Assn. for the 1961-62 term. 


DR. J. GORDON WELLS named as- 
sistant director of the life sciences 
department of North American Avia- 
tion’s space and information systems 
division at Downey, Calif. 


RALPH P. MORGAN, JR. was recently 
appointed manager of the Rocket Sys- 
tems Division of Astropower, Inc. 


SAMUEL C. PHILLIPS, director of 
the Air Force Minuteman program, 
recently became the youngest general 
on active duty in the U. S. Armed 
forces. He is 40 years old. 
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William B. Rossnagel 
Kidde Aero-Space 


WILHELM F. JUPTNER has been ap- 
pointed vice president of Babcock Re- 
lays, division of Babcock Electronics. 


John A. Vaughan Robert |. Barry, Jr. 


Fairchild Camera Arcs 


ROBERT I. BARRY, JR. named vice 
president of defense systems services 
for Ares Research & Development. 


VISIONEERING 


eae eaeeeene 


GROUND 
SUPPORT 
EQUIPMENT 


BY 
VISIONEERING 


M Wherever you find a ground sup- 
port installation it’s 10-to-1 that you'll 
also find Visioneering ‘“‘Cushion Ride”’ 
Undercarriages on the vans and trailers 
...and the vans or trailers will be 
filled with our precision-built magnesi- 
um or alloy cabinets housing the deli- 
cate fire-control and communications 
instruments. In G.S.E. we have de- 
signed and built many different pieces 
of equipment. 


At most of the lighter-than-air bases 
you can’t miss seeing the huge mobile 
mooring masts we built. These masts 
make blimp mooring, easier, faster 
and more secure. 


Most of our work is done in the air- 
craft and missile field in one form or 
another so anything in-G.S.E. is very 
much to our liking regardless of 
whether it is a mechanical monster or 
a simple cabinet. 


ONEERING “encineerine witt vision” 


11830 BROOKPARK ROAD + CLEVELAND 30, OHIO « Tel: CL 2-2100 
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Accurate to 
1/100 micron! 


FASTER, MORE 
ACCURATELY, PORTABLY 


INDISPENSABLE for series or unit air sampling — indoors or 
out. Portable, yet stands up to heaviest usage. Weighs only 
10 Ibs. Comes equipped with standard 4” filter holder. Special 
adapters available for 6”x 9”; 8”x 10"; 12”x 12” and others. 


Staplex Air Samplers are widely used to solve the many 
diverse, exacting needs of leading industries. Also for indus- 
trial hygiene and health departments, nuclear and missile 
fields; manufacture and processing of beryllium products, 
radioactive materials and all other industrial dusts and air 
pollutants. 

Let us help you solve your air sampling problems as we 
have for thousands of users. Send for details. 


THe STAPLEX company 


779 FIFTH AVENUE * BROOKLYN 372, N. Y. 
World's Largest Manufacturer of High Volume Air Samplers 
Circle 16 on Inquiry Card 


KIM ee 


HOTSTART | 
Diesel and } 
Gasoline 
Engine 


Pre-Heater Pas : 


CUTS COSTLY COLD 
WEATHER DELAYS 


So, | 


KIM HOTSTART assures instant 
starts ... instant peak perform- 
ance in below-zero weather when 
commercial power fails. KIM 
plugs into electric circuit, draws For additi 

cold water from engine, heats jstocmation 


and circulates coolant through see your dealer 
engine. or write direct 
_ to Kim Hotstart. 


Pe ee 


5 
Me 


Easy to install . . . inexpensive to 
operate, Kim Hotstart quickly 
pays for itself because it pre- 
vents cold weather damage, re- 
duces wear and costly down-time. 


Install the Kim Hotstart on your 
liquid cooled diesel and gasoline 
engines. Approved and used by 
all major engine manufacturers. 


HOTSTART 


West 917 Broadway 
Spokane |, Washington 


Circle 17 on Inquiry Card 
68 
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VALUABLE 
REFERENCE 


Hundreds of NEW ITEMS 


ALL NEW — Complete specifications and cost saving data on 
over 2000 “Standards”, including world's largest line of work- 
holding equipment, chuck jaw blanks, handles, knobs, wheels, 
strap clamp assemblies, forged items, plus hundreds of other 
jig and fixture components. Detailed specifications, engineering 
drawings. The one complete source for data on all the “stand- 
ards” for tool, die, jig, and fixture design and application. 


Write for your FREE copy today. 


JERGENS TOOL SPECIALTY CO. 


Dept. AM-11 712 E. 163rd St., Cleveland 10, Ohio 


Circle 18 on Inquiry Card 


BALL 


JOINTS— 
new, 
lighter 
weight, 
flexible— SIZES: 3”, 4", 6", 8”, 10” 


CRYOGENIC Sn 


FOR PROJECT REQUIREMENTS —In handling fluid fuels 
and oxidizers, including liquid oxygen. Also in industrial 
cryogenics for liquid methane and liquid propane or 
butane at low, as well as ambient, temperatures. 

RECOMMENDED SERVICE—(1) Fluid loading arms. 
(2) Expansion Joints. (3) Gimbal/Rotary Swivel motion. 
(4) Shock resistant flexible piping. 

NEW, ADVANCED DESIGN — Has passed official ‘Quali- 
fication Tests,” including shock tests of more than 100G’s. 
TEMPERATURES: —320°F to +275°F. PRESSURE 
RATING: Designed for and qualification tested at 200 psi 
operating, 300 psi proof, 700 psi burst pressures. Ask 
for Bulletin 233 B. BARCO MANUFACTURING CO., 

565M Hough St., Barrington, Illinois. 


ee 


SE for SAFETY 


Circle 19 on Inquiry Card 
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_ NEW LITERATURE _ 


Worth Asking For 


Test Facilities 
Environmental test facilit'es and 
experience of Bulova Research & De- 
velopment Laboratories are described 
in a 24-page brochure. — Bulova 
Watch Co. Ine. 
Circle 101 on Inquiry Card for more data 


Industry Opportunities 

A detailed study prepared for 
Aerospace industrial management. 
Advantages of establishing plants in 
Metropolitan Miami are outlined.— 
Dade County Development Depart- 
ment. 

Circle 102 on Inquiry Card for more data 


Support Equipment 

Full spectrum concept of support 
equipment engineering and manufac- 
turing is illustrated in this bulletin. 
Production hardware discussed in- 
cludes automated maintenance equip- 
ment, programmable comparators and 
airborne armament flight evaluators. 
—General Electric. 

Circle 103 on Inquiry Card for more data 


Program Activity 
Details of test and research pro- 
grams used in data gathering and 
testing the B-58 Hustler are con- 
tained in a 12-page report.—Systems 
Div. of Beckman Instruments, Inc. 
Cirele 104 on Inquiry Card for more data 


Photo-Optical Facilities 

Sixteen - page brochure describing 
the facilities and products of Photo- 
Optical Division of Consolidated Sys- 
tems Corp. is available.—Consolidated 


Electrodynamics Corp. 
Circle 105 on Inquiry Card for more data 


Data Microfilm System 


Describes automatic retrieval and 
distribution of 2000 to 3000 engineer- 
ing drawings daily.—Minnesota Min- 
ing and Manufacturing Co. 

Circle 106 on Inquiry Card for more data 


Environmental Charts 


Conditions man is able to tolerate 
while continuously living in a space 
vehicle have been charted. Informa- 
tion, presented in two graphs, report- 
edly reflects the latest test and re- 
search findings in environmental 
control.—Airesearch Mfg. Div. Gar- 
rett Corp. 


Circle 107 on Inquiry Card for more data 
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Laboratory Achievements 

A 56-page publication describing 
the advances and facilities of the 
Cook Research Laboratories. Labora- 
tories have been engaged in basic and 
applied research and development for 
industry and government since WW 
II.—Cook Electric Co. 


Circle 108 on Inquiry Card for more data 


Atmosphere Box Furnace 

Details about an atmosphere box 
furnace are included in an informa- 
tion bulletin. Equipment is reported 
suitable for heavy and continuous 
duty at all heat levels up to 2500 
deg F.—Lindberg Engineering Co. 


Circle 109 on Inquiry Card for more data 


Light Metals Data 
Design data on characteristics and 
properties of light metals. Lists com- 
parative values for various metals. 
Information presented in tabular and 
graphic form.—Brooks & Perkins. 
Circle 110 on Inquiry Card for more data 


Defense Facilities 

Outlined are the facilities and ca- 
pabilities of the Fairchild Defense 
Products Division. — Fairchild Cam- 


era and Instrument Corp. 
Circle 111 on Inquiry Card for more data 


Disturbance Control 


The capabilities of Lord Manufac- 
turing Co. are described in a _ bro- 
chure. The firm specializes in vibra- 
tion, shock and noise control systems. 
—Lord Manufacturing Co. 


Circle 112 on Inquiry Card for more data 


Environmental Test Lab 


Western Development Laborator- 
ies of Phileo Corporation are briefly 
outlined in a brochure.—Philco Corp. 

Cirele 113 on Inquiry Card for more data 


Electron Beam Furnace 


Eight- page brochure describing 
melting techniques of the Electron 
Beam furnace. Strip annealing, high- 
rate evaporation sources and other 
projects in advanced stages of devel- 


. opment are also described.—Temescal 


Metallurgical Corp. 


Circle 114 on Inquiry Card for more data 


Ball Bearings 


Forty-eight-page catalog is used 
to describe making and use of minia- 
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FUSED GLASS AND METAL 
MISSILE PARTS CLEANED 
QUICKLY AND WITHOUT 
DAMAGE TO GLASS GLAZE 


with VAPOR BLAST 


liquid Honing 


Vapor Blast Liquid Honing 

process cleans metals fused 

to glass without removing 

glaze or damaging the glass. 
Yet the metal parts are 

thoroughly cleaned, burrs re- 

moved, in shortest possible time. 


Bring or send parts for test 
cleaning. No obligation. 


Representatives Wanted. Good territories available 


*Liquid Honing and Vapor 
Blast ore ~ trademarks. 


VAPOR BLAST 


MFG. CO. 
3035 W. Atkinson Ave. /VAPOR'® 
Milwaukee 9, Wis. _— 
Circle 20 on ioecies Card 
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Need Experience in Lightweight 
and Space Age Metals? 


Look profitably to B & P for vast experience we possess in 

Design—Fabrication—Assembly of Magnesium, Aluminum, 

Titanium, Zirconium, Beryllium—today’s lightweight and 

space age metals. May we prove this experience to you? 
Write today for your copy of the 


ar —A... 
C p new 36 page illustrated book- 


: let entitled “COUNTDOWN”. 


BROOKS & PERKINS, INC. 
1912 W. Fort Street + Detroit 16, Michigan + Tel. TA 5-5900 
Offices in: New York, Washington, Los Angeles (Long Beach), 


Boston (Cambridge), Dayton, Milwaukee (Waukesho) 61-T-6 


70 Circle 22 on Inquiry Card 


Worth 
Asking For 


. . . continued 


ture and instrument bearings. Infor- 
mation concerning their engineering, 
manufacturing, testing and applica- 
tion is included in the publication.— 
New Departure Div. of General Mo- 
tors Corp. 


Circle 115 on Inquiry Card for more data 


Plant Capabilities 

Engineering and production capa- 
bilities of the Allen Tool Corp. are 
illustrated in a 6-page brochure.— 
Allen Tool Corp. 


Circle 116 on Inquiry Card for more data 


Transmitting Materials 


Transmission percentages of in- 
frared transmitting materials are 
graphically chartered and their chem- 
ical compositions broken down in a 
four-page brochure.—Servo Corpora- 
tion of America. 

Circle 117 on Inquiry Card for more data 


Fiber Optic Information 


Information about fiber optics is 
available in a booklet containing a 
technical discussion of its character- 
istics and applications.—Chicago Aer- 
ial Industries, Ine. 

Cirele 118 on Inquiry Card for more data 


Gas Regulators 

Applications of gas regulators 
for accurate control of industrial 
gases are described in this 40-page 
catalog. Information on accessory 
equipment available is also included. 
—AirCo. 


Circle 119 on Inquiry Card for more data 


DAP Monomer 

How, when and why diallyl phtha- 
late monomer (DAP) can be used in 
polyester resin systems is subject of 
a technical bulletin. Contains discus- 
sion of use for prepregs, wet lay-up, 
premixes, mat or preform binding and 
matched metal die molding.—F ood 


Machine and Chemical Corp. 
Circle 126 on Inquiry Card for more data 


Electronic Timing Devices 


Newest in a series of electronic 
timing devices, including time delay 
relays, electronic timers, pulse gen- 
erators and flashers is described. 
Complete technical data on these 
solid state devices is included.—Slip 
ting Co. of America. 

Circle 121 on Inquiry Card for more data 
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Aluminum Honeycomb 


Vacuum brazing process being 
used to produce aluminum and stain- 
less steel honeycomb. Brazed alumi- 
num honeycomb is said to have in- 
creased strength and resistance to 
high temp over bonded aluminum 
honeycomb sections, Additionally, 
brazed aluminum honeycomb has 100 
per cent cellular contact with the 
backing panel.—Tri Metal Works 


Circle 122 on Inquiry Card for more data 


Epoxy/Silicone 

Composite of epoxy resin and sili- 
cone rubber is supplied as a two-part 
free-flowing material. In cured state, 
it can be used at temp up to 450° F. 
Called Eccosil 4712, the compound 
possesses the adhesive properties of 
epoxies and the resiliency of silicone 
rubber.—Emerson & Cuming, Inc. 

Circle 123 on Inquiry Card for more data 


Tellurium Steel 


Addition of tellurium to steel is 
said to increase machinability over 
3.5 times. It is further claimed that 
speeds of 600 sfm were reached dur- 
ing tests. Tellurium-bearing steel is 
supplied in hot rolled bars which is 
cold finished.—La Salle Steel Co. 


Circle 124 on Inquiry Card for more data 


Hi Temp Plastic 


High temp reinforced plastic 
molding for ablation applications is 
available in continuous rolls up to 72 
yd in length or as a chopped fabric. 
The continuous fiber reinforcement. is 


ee oo ie ae) 7 
Pte ae 


non-crystalline carbon while the im- 
pregnating resin is a high temp phe- 
nolic system.—Minnesota Mining and 


Mfg. Co. 


Circle 125 on Inquiry Card for more data 
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Graphite Cloth 


Cloth woven from one-ply graphite 
yarn was molded into clear plastic, 
sliced, and magnified 150 times. Cross 


section shows 1440 filaments per twist 
which is claimed to be an important 
parameter in determining strength of 
the fabric that is being combined 
with plastic resins in the high-pres- 
sure, high-temp molding of missile 
and rocket components. — National 
Carbon Co. 


Circle 126 on Inquiry Card for more data 


Closed Die Forgings 


Inconel alloy 718, developed by In- 
ternational Nickel Co. for fabricated 
sheet metal structures, is said to be 
responding well in closed die forg- 
ings. Forgeability is similar to A-286 
and other alloys intended for use at 
temp up te 1200° F.—Wyman-Gordon 
Co. 


Circle 127 on Inquiry Card for more data 


Epoxy Molding 

Single component epoxy molding 
compounds are said to cure in as little 
as 15 sec. Called EMC 90, the dry 
granular material is nonburning and 
offers a one year storage at room 
temp.—American-Marietta Co. 


Circle 128 on Inquiry Card for more data 


Dispenser Cathode Process 


Process suppresses emission from 


portions of cathode surfaces and : 


auxiliary electrodes. Technique con- 
sists of surface carburization, is use- 
ful in generating electron beams of 
special shapes and in preventing 
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electron emission from cathode sup- 
ports and auxiliary electrodes.—Phil- 
ips Metalonics. 


Circle 129 on Inquiry Card for more data 


Flourosilicone 


Line of heat, cold and oxidation- 
resistant materials, called flourosili- 
cones, are semi-inorganic fluids, 
greases, and compounds. Flourosili- 
cones are produced by substituting 
flouroalkyl groups for some of the 
methyl groups that are found in sili- 
cones. Substitution produces polymers 
that behave much like dimethyl sili- 
cones but which offer the additional 
properties of good solvent resistance 
and improved lubricity —Dow Corn- 
ing Corp. 

Circle 130 on Inquiry Card for more data 


Neutral Gold 


Neutral 24-karat electronic grade 
gold salts is said to produce a stress- 
free, ultra pure deposit which is 
extremely ductile and tight grained 
and has good heat and corrosion re- 
sistance. The salts contain no bright- 
eners or free cyanide.—Technic, Inc. 


Circle 131 on Inquiry Card for more data 


Reinforced Plastic 


Molded reinforced plastic parts 
with electric heating elements molded 
integral are said to lower costs and 
increase reliability. Picture shows 28 
in. diam missile instrument heater 
dome with heaters molded within the 


dome. It is claimed that surface temp 
as high as 600° F can be attained 
without delamination. -—- Riverside 
Plastics Div., Bischoff Chemical Corp. 


Circle 132 on Inquiry Card for more data 


... continued en next page 
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OF HARD, BRITTLE MATERIALS 


vee eg ’ Industrial 
Ahi Airbrasive’ Unit 


There may be easier ways to tap junior’s piggy bank... but none that could 
craftily slice a piece out of a fragile ceramic part the way Industrial 


Airbrasive can. 


The secret of the Airbrasive’s ability to cut hard, brittle materials is its 
accurate stream of gas-propelled abrasive. The cutting action is cool and 
completely shockless. Highly flexible in use, the same tool will make a cut 
as fine as 0.003” or it will frost, abrade or clean a large area. 


Every day new uses are being found for the Airbrasive in production 
lines and in the laboratory ... deburring small parts ... shaping, drilling or 
cleaning germanium and other crystals ... wirestripping potentiometers... 
removing fine films... printed circuits ...micromodules...and many others! 


Important too; the cost is low ... for under $1,000 you can set up your 


own Airbrasive cutting unit! 


Send us your most difficult samples and we 
will test them for you at no cost. 


wm SEND FOR 
= BULLETIN 6006 
=  ...complete information. 


Ss. 8. White Industrial Division Dept. 18A 
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Aircraft Cleaner 


Liquid detergent is said to be 
free-rinsing under all conditions and 
leaves no streaks, spots, stains, or 
tackiness. Formulated for cleaning of 
aircraft surfaces, in and out, it will 
perform with effectiveness in a broad 
range of dilutions and may be applied 
by brush, mop, sprayer or foam 
unit.—Oakite Products, Ine. 

Circle 133 on Inquiry Card for more data 


Conductive Adhesive 


Epoxy silver filled conductive ad- 
hesive, in paste form, is recommended 
for applications requiring low elec- 
trical resistance and good adhesive 
properties. It bonds strongly to met- 
al, glass, ceramic and most plastics. 


—Adhesive Engineering 
Circle 134 on Inquiry Card for more data 


Bright Dip for Cadmium 


Liquid bright dip for cadmium, 
Iridite 4L-1, is a single dip which is 
said to produce a bright, clear finish 
on barrel or rack plated work. It pro- 
vides corrosion protection and retains 
good solderability even after long 
storage.—Allied Research Products 

Circle 135 on Inquiry Card for more data 


Polyester Membranes 


Fire-retardant Hetron polyester 
membranes, 1/32 in. thick, and rein- 
forced with glass fiber, have been used 
to protect the new Air Force’s Hay- 
stack radome. The plastic membranes 
are reported to possess excellent elec- 
tronic transparency.—Durez Plastics 
Div., Hooker Chemical Corp. 


Circle 136 on Inquiry Card for more data 


Wide Bright Stainless 


Bright annealed stainless up to 48 
in. wide in thicknesses from .010 to 
.0625 in. is available. Bright anneal- 
ing was introduced to improve cor- 
rosion resistance of 400 series stain- 
less steels, however its use facilitates 
production of more reflective surfaces 
in the 200 and 300 series.—Crucible 
Steel Co. of America 


Circle 137 on Inquiry Card for more data 


Aerospace Management ¢* November 1961 


ae Tie ao pia E 


sl 


ene 
3 rn eee | 
- of y ~~ | . 
rhe 7 ie y > . ‘ : 
“4 | . Ow > | 
; 7 eo | 
i mG — a | 
is 4 —~ y 
— | oF eS 
r "id f a TA 7 
sf 
7 4 = ‘” a — 
| Pe 
| a 
| ee 
=. ; ; "7 
<—O-@B 
\ New dual Model D! 
es =| ee 


24-Channel Oscillograph 


This direct-recording device pro- 
duces instantly readable records with 
use of a high-pressure mercury vapor 


lamp combined with specially de- 
signed optical system and record pa- 
per. Each channel is capable of re- 


switches, gears and relays are done 
away with. Equipment is designed 
around small transistors and diodes. 
—Collins Radio Co. 


Circle 140 on Inquiry Card for more data 


Strength Tester 


Determines dielectric strength of 
insulating liquids, solids and sheets 
at potentials to 60 kv. Instrument 
meets United States, English and Ger- 
man test specifications. — Associated 
Research, Inc. 


Circle 141 on Inquiry Card for more data 


Records Performance 


Every 20 seconds the bar chart 
recorder samples and graphically re- 
cords efficiency of utilization of pro- 


. continued on next page 


cording individual static or dynamic 
phenomena at frequencies to 5000 
cps.—Minneapolis-Honeywell Regula- 
tor Co. 


Circle 138 on Inquiry Card for more data 


Ultrasonic Cleaning 


Line of ultrasonic cleaning equip- 
ment includes generators ranging 
from 125 watts to 25,000 watts and 
tanks ranging from 1% gal. to 36 gal. 
Custom built ultrasonic cleaning units 
with tanks as large as 250 gal. are 
also available.—Turco Products, Inc. 


Circle 139 on Inquiry Card for more data 


<co 


Glideslope Receiver 


Features reduced weight, size 
and power consumption. These solid 
state systems airborne units report- 
edly outperform and are more reliable 
than earlier electronic tube - type 
equipment. All moving parts, 


“vrdZoOe 


Aerospace Management e¢ November 1961 


‘ Aa 


a 


A MAJOR BREAKTHROUGH 


IN COATINGS 
FOR OUTER SPACE 


SIGNIFICANT technical data is now 
available on important laboratory and field 
tests made on “‘IFCO’’ EP-ACK Coatings, 
designed especially for use on component 
parts in satellites, missiles, rockets and 
other outer space vehicles. 


PRODUCTS coated with Industrial 


Finishes Company’s EP-ACK are now ac- 
tually circling the earth, after they were 
thoroughly tested in vacuum chambers 
simulating conditions to be encountered. 


ANY PLANT working directly or in- 
directly on aerospace projects will find 
these technical reports of significant value 
in decision making. 


Write for details. 


INDUSTRIAL FINISHES COMPANY 


Number 2 Bryn Mawr Avenue 
Bryn Mawr, Pennsylvania 


Circle 36 on Inquiry Card 


73 


i bee ier os ee 2 We Mg Roe et) Seeman ie Reh en 2 ee 3 ve iy - “] aS Scie ee tie MS cae oe 
) Os Bene ae eee : SR Lee. ie ame eee qe. eee we. tah ea A Sag Dai ck: ean os " 
= a Meal 3 a See apes 9 Tee ies Ree i eg Ais ee a 7 See ‘ oy) eee ep ees ey eed , fp 
- 3 et a PAR, S- 2 baer ieee Ma 2 6 aes Ky. : Parkas 20 re, ae ee 
2 5 yr, | a ee Sarees i nn So ae ‘ 1 Rie ee Se os, ‘Sha, 78 
ie at Ri, ‘ Ft yee Ge en eee oS ho - oe : 7 : it. Ss Cer eek Sieece BS en 
0 racniieeathigiatpaastgiaaineatli has Mcad T -  ky u's aca Ped een ee ere et eS eee eee 4s. calfaiiete Re ee oN ie ei: eS 
— oom ae. 
ie = ey 
i ey ae 
Saas ie 
“i nie oa + 
ey ey 4 
Nae Wale 
> eee 
Daca 
ee Ge 
: * ae es 
Bee ty 
(se Gh SAAR SLs es a RN SE SR A I RI IE AR NG MARES A RETR eh RIES RE outa 
ad 3) gabe 
Ke Bo 
me 
oy ean 
ss Bate eae 
Goes? 2! Sta 
: e Be) |) gees 
wine. Be, eae 
~ : res aa 
i je 
Fl Ba Te 
‘ peal a | a= 
Th , Se eS. Bebe. |. 
: FY ‘dade Fy ' so Nig 2 a 
Vi wt ! } 2 ao i Beak i a 
ee ie | ah i iu ig eae cee “a i 
(ee 15 . ie, aah ae fe: “eh 
ai : TE 4 ES | | | j . anes ieee 
Flea ee ee | a alee 
‘ tee et eee ees é 4 i { a ge ye 
& 9900) | | ht oe 
——_—~ aa = ; i; oe | >. Hess co eae 
‘Saer : F . _ | Be Sieg 
7 ‘ = ec 3) Sr 
j ' Aye. eae ee ‘ ip aes 
ss ae =. al ; Be oa 
{ fare ’ % — ae, Beas oi i Bd s 
. Ase “ aS 
} aoa ea pre: ve ee + 5 _ ae ee 
tat is ‘ ah 
“a Cee deans y ae a 
ee _ Pepe 3 
a 7 = Oe ae 
at - ea ee reetbeie ce Ss ep 
es a wets Reyes 
<= eee : ASS ies | 
’ ss a Si A ee 
oN <<. ae a wee * 
Beg 
—— eee pore. t 
‘ es 
‘ ar 
Re ee. 
ga 
‘ 5 ae 
TES 
(ake 
ee, ) ir 
a ee a 13 rs 
Bx x 2s 
Be ge 
Bese.” 
22a oe 
a ee 
: - rs 
q ee 
Tome 
Pr ie ips, 
; eee _* 7 
a= We a 
: % Bes ad v 
ee 
Agee 
| Poe 
ae 
4, aE ee 
oe — BS ty 
> bere Pe Py 
> : “ees 
. { ‘ (eran Re 
= 4 tae — Se Be a 
a » 4 z ee 
, = oe. ee ae 
q p om >. ‘ aT as, Eom ee 
Wes gt a * 
roe ia ; au i 
Wee Ng ‘ etiad Sora ag 
en Hie 
2 Beieae 
ae 
: Bh ge 
; 7 a 
Qf is = m ap alas i ee SoS sy lamas 8 i Seams a AGRE) 5. Od pike a al ee Mil ome ie ieee eg ee eee ae i a a ies - — ae 
4 ¥ 3 fae : } ge a, nea. 6 eR Mie Per sae ioe, < eee bie bulcias , nA a a ae ac 
oa ee cece ett Ne Nee: TS TR ares. ae Fed ee Vr eT a ERE Ne a “at wt 


Electronic 
Products 


GEES continees 


UNIVERSAL fi... 


COMMUNICATIONS 
RECEIVER 


FOR COMMUNICATING WITH AIRCRAFT 


duction or data processing machines. 
The unit is capable of handling up to 
40 machines. It operates remotely 
from production areas, providing cost 
and production control information on 
a continuous bar chart. Information 
| such as operator number, job and 
shift number corresponding to any 
manual effort on the part of the op- 
erator can be recorded.—Electronic 
Associates, Inc. 


Circle 142 on Inquiry Card for more data 


Klystron Oscillators 


Developed for parametric ampli- 
| fier pumping applications and FM 
doppler radars. A flat top power out- 
put mode results from the unit’s con- 
stant output power versus beam volt- 
age characteristic. This factor per- 
mits frequency modulation without 
excessive incidental amplitude modu- 
lation.— Sperry Electronic Tube Div. 


Circle 143 on Inquiry Card for more data 


Gamma Analyzer 


Designed to provide a complete 
spectral analysis, it is capable of 


Featuring two rapid "plug-in" RF converter strips for opera- 
tion in frequency range 108 to 152 mc or in UHF 225 to 400 mc. 


FREQUENCY RANGE — Any frequency between 108 and 152 Mcs. 
or 225 and 400 Mcs. 

A.V.C. — Amplified and delayed A.V.C. circuit to hold the audio 
output constant within 3 db from 5 microvolts 
to .2 volt. 

FREQUENCY STABILITY — Overall .002% from —10°C to 60°C 
ambient temperature. 

SELECTIVITY — The VHF and UHF versions have a bandwidth of 
36 KC minimum for 6 db and not more than 
108 KC for 60 db attenuation. 

SENSITIVITY — At the maximum setting of the R.F. gain control, 
a 1 to 2 microvolt 30% amplitude modulated 
signal will produce at least 500 milliwatts of 
audio output with at least a 10 db signal to 
noise plus noise ratio. 

SPURIOUS RESPONSE — at least 80 db down. 

OUTPUT — The audio output is one watt into either 600 ohms 
or 8 ohms. 

INTERMEDIATE FREQUENCIES — 18.3 Mcs. and 1.85 Mes. for 
VHF. 47 to 73 Mcs. tunable I.F. ahead of 
standard |.F. for UHF. 


Technical Bulletin 516 -RV-RU available on request 


ERCOF FCO RADIO LABORATORIES, INC. 


PIONEERS IN RADIO COMMUNICATIONS * SYSTEMS ® QUALITY EQUIPMENT 


analyzing the gamma spectra from 
0.1 kev to 6 mev. An equal percent- 
| age of each peak is analyzed and 
| absolute peak comparisons are made 
directly, regardless of energy differ- 
ences. Count for preset time period, 
continuous counting rate and graphic 
recording are three forms of readout 
provided. — Nuclear Measurements 
Corp. 


Circle 145 on Inquiry Card for more data 
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Bus Transfer 


Static power automatic bus trans- 
fer unit is said to be capable of trans- 
ferring from one 60 cps bus to an- 
other in a few milliseconds. Switches 
can be provided in single phase or 
multi-phase versions with power 
handling capabilities in the tens of 
KVA.—Electric Products: Div., Vick- 
ers, Ine. 

Circle 146 on Inquiry Card for more data 


Gas Regulators 


Single-stage industrial gas regu- 
lators feature inverse type seat de- 
sign, which makes possible, lower 
residual pressures at cylinder and 
points. Regulators are available in 
five models for welding, cutting, braz- 
ing and heating operations. — Air 
Reduction Sales Co. 

Circle 147 on Inquiry Card for more data 


Silicon Rectifiers 


Six lines of kilovolt silicon car- 
tridge rectifiers feature hermetic 
seals and all-welded construction. 
Operating temp range from —55° C 
to 150° C. Group includes three axial- 
lead, cylinder-type lines; fuse clip 
line; axial-lead rectangular line; and 
a lateral-lead rectangular line. — 
Micromodular Components Div., Ling- 
Temco-Vought, Ine. 

Circle 148 on Inquiry Card for more data 


Arresting Valve 

High-speed valve is designed for 
use in an aircraft arresting device. 
Three in. diam orifice is closed by a 
poppet held in 


place by a double 


toggle assembly that is stripped by a 
solenoid. Port opens completely in 15 
milliseconds. Maximum _ operating 
pressure is 1500 psi.—Research, Inc. 
Circle 149 on Inquiry Card for more data 
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Low Pressure Filter 


Line of low pressure filter assem- 
blies is rated at 150 psi operating 


pressure at 100° F. Three different 
element materials are available with 
pore size ratings from two to 100 
microns. 30, 60 and 90 gpm units are 
available —Bendix Filter Div. 


Circle 150 on Inquiry Card for more data 


Dynamic Flow Sampler 


Dynamic flow sampling wedge is 
designed for use in ground support 
propellant loading systems. Accura- 
cies to within 2.5 per cent in the 
prediction of mainstream contami- 
nant levels, over extreme density 
variation ranges, are said to be pos- 
sible with the wedge.—Wyle Labora- 
tories 

Circle 151 on Inquiry Card for more data 


Cable Cutters 


Cable-cutting guillotines are de- 
signed to instantly separate cable- 
attached structures. An electrically- 
initiated, gas-producing explosive 
charge propels a knife-shaped piston 
across the cable, cutting it.—Holez, 
Ine. 

Circle 152 on Inquiry Card for more data 


Torque Wrench 


High capacity torque wrench al- 
lows direct reading up to 600 ft/lb. 
Operator need apply only 120 lb 
pressure to obtain 600 ft/lb. Wrench 
sounds a tone and imparts a pulse to 
operator’s hand when desired torque 
is obtained.— P. A. Sturtevant Co. 


Circle 153 on Inquiry Card for more data 
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Explosive Actuator 


Electrically energized explosive 
actuator fires a slug to rupture a 
frangible disc to release stored, pres- 
surized fluids. Operating voltage 
range is 18 to 30 v, D.C. Minimum fir- 
ing current is 4 to 8 amps for 200 
milliseconds. Firing time is 40 milli- 
seconds.—Kidde Aero-Space Div. 


Circle 154 on Inquiry Card for more data 


Silicon Transistors 


Two silicone high power transis- 
tors are said to have power dissipa- 
tion of 85 watts. Operating temp 
range is —65° C to 200° C. Collector 
to emitter voltage: 60; Collector to 
base voltage: 60; Emitter to base 
voltage: 10; Collector current: 5 


amps.—Silicon Transistor Corp. 
Circle 155 on Inquiry Card for mere data 


Multihole Couplers 


Couplers are characterized by flat- 
ness of coupling and high directivity 
over broad frequency ranges, which 
is said to adapt them for broadband 
matching, reflection measurements 
and isolation of signal sources. They 
may also be used as fixed attenua- 
tors.—Sperry Microwave Electronics 

Circle 156 on Inquiry Card for more data 


Servo Motor 


Low speed servo motor designed 
for applications which require a con- 
trol motor of extreme stiffness, high 
torque -to-inertial ratio, fast re- 
sponse, and wide speed range with 
ultra-low speed limits. Motor operates 


at maximum pressure of 500 psi, 
with speed range of 1/60,000 rpm to 
500 rpm.— Cimtrol Div., Cincinnati 
Milling Mcechine Co. 


Circle 157 on Inquiry Card for more data 
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Creative minds 
thrive best 
where the climate 


is best 


Lockheed-California 
every 


Company proves this | 
day. For nowhere do Scientists and | 


Engineers firid a more creative, more stim- | 


ulating, more academic climate. 

In this environment Scientists and Engi- 
neers are en couraged to try the untried; to 
= new ideas; experiment, explore. 

Small wonder Lockheed's future in Space- 
craft and Aircraft is brighter than ever! 


ace 


Cos. 


Scientists and Engineers of initiative | 


and talent will find it worthwhile to examine 
immediate openings in: Aerodynamics; 
thermodynamics; dynamics; electronic re- 
search; servosystems; electronic systems; 
physics (theoretical, infrared, plasma, high 
energy, solid state, optics); h 
ocean systems; structural design (wing, 
empennage, fuselage). 
Write today to Mr. E. W. 
Manager, Professional Placement Staff, 
Dept. 3911, 2413 N. Hollywood Way, 
Burbank, California. An equal opportunity 


LOCKHEED- 
CALIFORNIA CO. 


A DIVISION 
OF LOCKHEED AIRCRAFT CORPORATION 
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ydrodynamics; | 


Des Lauriers, | 


Books 


RARE RR Cosy 


ELIMINATING MAN-MADE sIN- 
TERFERENCE. By Jack Darr. How- 
ard W. Sams & Co., (1720 East 38th 
St., Indianapolis 6, Indiana), 1960. 
160 pp., $2.95. A compact volume on 
the most common sources of man- 
made interference—what it is, how it 
is transmitted, how it originates, how 
to track it to its source, and how to 
eliminate or minimize its effects. 


SATELLITES & SPACE TRAVEL. 
By J. W. R. Taylor and Maurice All- 
ward. Ian Allen Ltd. (Distributed by 
Sportshelf, P. O. Box 634, New Ro- 
chelle, N. Y.), 1961. 65 pp., $1.25. 
This pocket-size illustrated booklet 
contains a brief account, in layman’s 
language on the ABC’s of: satellites, 
space probes, launch vehicles, and 
manned flight. 


WORLD AIRCRAFT ILLUSTRAT- 
ED. Edited by John W. Underwood. 
Aero Publishers, Inc., (2162 Sunset 
Blvd., Los Angeles 26, Calif.), 1961. 
248 pp., $8.50. An album of world’s 
aircraft currently being produced in 
all countries of major importance to 
the industry. The vital characteristics 
of some 600 planes are presented, in- 
cluding manufacturers’ names and 
addresses. Indexes are given by man- 
ufacturer, also by model number and 
popular name. 


AERO -THERMODYNAMICS AND 
FLOW IN TURBOMACHINES. By 
Michael H. Vavra. John Wiley & Sons, 
Inc., (440 Fourth Ave., New York 16, 
N. Y.), 1960. 609 pp., $14.50. The 
author has intended this work to pro- 
vide a broad basis for more special- 
ized studies in fluid mechanics in 
general, and for flows in turboma- 
chines in particular. He has stressed 
basic physical theory using vector 
and tensor-analysis. Subject matter 
is grouped in three parts: funda- 
mental flow relations; particular fluid 
motions; and applications for turbo- 
machines. Topics covered in appen- 
dices include: a review of vector an- 
alysis; an introduction to operations 
involving dyadics; tables of optimum 
operating conditions of axial turbine 
stages. 
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VALVES 


for reliable, precise regul ted 
rae 
pressurized fluid. 


Manifold Valve 


Priority Valve 


| 4 ”" Pj 
Relief Valve Check Valve 


Bleeder Valve 


Cartridge and Manifold 
Valves Produced To 


Flow Regulator 


Illustrated above are a few typical 
valves produced by Fluid Regula- 


tors. These compact, lightweight 
valves permit greater design freedom 
—reduced weight and cost—simplified 
circuitry, installation and servicing. 


As recognized specialists, Fluid 
Regulators has the creative ability, 
experience and facilities to produce 
valves that must operate reliably in 
the following ranges: 


Pressures: 0 to 5,000 psi 

Flows: Fractional to 250 gpm 

Temperatures: —300°F to +750°F 
Contact us whenever you have a spe- 
cific flow or pressure control problem. 


Write for detailed literature 


Fis 
| ners 


313 GILLETTE STREET * PAINESVILLE, OHIO 
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40 Ton Capacity Positioner 

Positioner features 36 in. vertical 
adjustment with no column projection 
above the table top. Tilt and rotation 


are power operated through separate 
motors and positive gear trains. Tilt 
range is 135 deg. forward from the 
horizontal. Rotation is accomplished 


by a 20 hp electronic variable speed 
drive in conjunction with two elec- 
trically shifting transmissions. Speed 
range is 480 to 1, enabling the rota- 
tion of weldments from a minimum 
of 2 ipm at 12 in. diameter to 100 ipm 
at 16 in. diameter.—Ransome Com- 
pany 


Circle 158 on Inquiry Card for more data 


Graphic Production Aid 


An audio graphic system provides 
a synchronized sound and slide pres- 
entation of how a job must be 
performed. The presentation is de- 
signed to aid in maintaining desired 
quality standards at minimum costs. 
System provides constant audio visual 
instruction to the worker on any job. 
—Graflex, Inc. 


Circle 159 on Inquiry Card for more data 


Heat Treating Furnace 


Manually operated, tube-type fur- 
nace has chute between the heat 


TO 
FABRICATE 


STAINLESS 


WELD IT WITH 


AiRCO- 
MATIC 


AIRCOMATIC® welding is the lower cost 
way to fabricate. Weldments show excel- 
lent ductility, tensile, and impact properties. 
Tailored to the process, Airco’s wide range 
of Aircomatic stainless wires can be used 
for welding all standard alloy types. 
Remember: Only Airco makes everything 
you need for stainless welding. 


GIRCO) AIR REDUCTION 
SALES COMPANY 


A Division of Air Reduction Company, pate 
rated, 150 East 42nd Street, New York 17, N. 

e On the west coast — Air Reduction Pacific 
Company ¢ Internationally — Airco Company 
International ¢« In Canada — Air Reduction 
Canada Limited « All divisions or subsidiaries 
of Air Reduction Company, Inc. 
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Graphite has been useful in aircraft and missile 


problem-solving as a component material in rocket 


What 


motors, in brazing fixtures for airframe construc- 


tion, and in other refractory applications. 


more 
do you want 


to do for you 


Further and more advanced 
uses of graphite in space age 
progress may well be develop- 
ing now as part of your design 
engineering program. We 
would welcome the opportunity 
of having our engineers, 
technicians and production 
personnel assist you in these 
developments. 


For an introduction to the excellence of GLC 


oDU 
Ct crs 


g reecteooe 


graphite — and to one of the world’s outstanding 
graphite producers — write for a free copy of our 
illustrated brochure, “Graphite For Diversified In- 
dustrial Applications”. 


GREAT LAKES CARBON CORPORATION 


18 EAST 48TH STREET, NEW YORK 17, N.Y. OFFICES IN PRINCIPAL CITIES 
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Available from Stock! 
NEW, INEXPENSIVE, 
LIGHTWEIGHT ORDNANCE 


CRYOGENIC COUPLINGS Patent Number 
Rae . amin from FUTURECRAFT — 
MODIFICATIONS Jim nee 
elec 4 Ow you can replace obsolete cryogeni 1 ith 
ye FI 1 these new screw aa units from Pastnaeelie- dan eeltect 


YOUR NEEDS flex lines, tubing or pipe quickly, easily and safely fluid-tight. 
il at, Thee : These couplings—service proven on Ordnance projects — 


‘Humidity one are pressure rated at 150 psi operating, 300 psi proof and 
450 psi minimum burst. Only low torque is required for a 
safe, tight seal. These Futurecraft couplings are available 
from stock in sizes from 1” to 4” in %” increments, LOX 
cleaned and packaged. Installation tools are available. 


F- Write for complete details 

3 1D FUTURECRAFT 
ee, ; C™ DISTRIBUTION CORPORATION 
HUMIDITY TEST CHAMBERS nn ol 1717 NORTH CHICO AVENUE « SO. EL MONTE, CALIFORNIA 


Representatives in principal cities 


TEMPERATURE TEST CHAMBERS / ALTITUDE CHAMBERS eR: Hite CAL S678) - TATOO: Cimearient 32313 
CHEST TYPE TEMPERATURE CHAMBERS Circle 29 on Inquiry Card 
SPECIAL PROCESS CHILLERS 
VIBRATION TEMPERATURE CHAMBERS 


That's right! At Missimers you are offered a complete line of standard, 
advanced, high-quality equipment for both environmental testing and 
production process needs. And where specialized systems are necessary, 
a wide background of experience gained over 25 years is at your service. 


More important, every unit has been proved by performance. Behind 
every unit is the experience gained over thousands of applications. Many 
units have been in continuous use for years and are still performing at 
initial capacities. Qualified engineering designs, skilled fabrication and a 


. ‘ ‘¢r e 
thorough testing of each unit before delivery assures efficient, trouble- »  DELTADYNE® SWITCHES 
free performance. | Pat. No. 2,942,572 DESIGNS! 
= ——s ag 4 and 
You can bank on fast, efficient service, too. Missimers equipment is sold differential ye rom r ; 
throughout the United States by selected Test Equipment Manufacturers S008 pet end= Py Be F teak. NEW 


proof. Units sound alarm, light bulb, 
turn motor on or off, operate vaives— 
remotely or in place. $40 to $75 


DELTADYNE INDICATORS 
Adjustable and non- - ay 


Representatives who are well qualified 
to assist you in your selection. Service is 
available everywhere through approved 
authorized agencies. 


ACCURACY! 


OFF-THE-SHELF OR 
CUSTOM-ENGINEERED FOR 


¢ Hydraulic/pneumatic systems (air- 
borne, ground support, industrial) 


¢ Process industries (chemical, petro- 


Complete data is available on every model. 
And we will be happy to discuss your 

own environmental test problems. 

Call or write now for free catalog. ' 


adjustable. Actuation 
0.01 to 100 psi (or 
psid). For same pres- in 
sure/temperature as i : 
switches. Red button 5 {b 


pops to give visual in- s 


Chest Style dication of overpres- ; leum, fuels) 
Temperature | sure. $22 to $85 { ° — manufacturers (fluid han- 


Reliable Test Equipment DELTADYNE GAUGES Read or contro! tank levels, and pres 
»5 9 - ’ a 
since 1932 ee For system pres sure drops across filters, heat ex- 
> change orifices for flow metering, gas 

adsorbers and many other types of 

equipment. Learn more about the cost 

5 and service advantages of these units. 


WRITE FOR COMPLETE 
LITERATURE 


} @ sures to 3000 psi; 
j | ibis, indication from 0 to 
' : " ; — / 4 60 psi differential; 
i : i , 4 leak-proof—no mov- 
| i i i Sot ing seals; high-visi- 

j i | . ] bility scale. $92 
‘ i ; ; ' | 


Extended pressure and temperature 


ranges available in all instruments. 


urnDpob ft i 
INDUAE | _ _ AIRCRAFT POROUS MEDIA, INC. 
‘ . L@an A subsidiary of Pall Corporation FPA PERS 3 
3735 San Fernando Road Glendale 4, California CHapman 5-8471 GLEN COVE, NEW YORK 
Circle 28 on Inquiry Card Circle 30 on Inquiry Card 
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New PACIFIC 


'G'SWITCH 


... provides high 
performance 


...feliable acceleration 
switching! 


Pacific’s new inertia switch is readily 
adaptable to meet a variety of “G” 
sensing uses from missiles to freight 
cars. It permits a wide variation in 
performance and range with only 
a minimum of engineering and de- 
velopment to meet specific require- 
ments. A unique switching action 
provides positive “make or break” 
action of the electrical contacts at 
the “G” setting regardless of envi- 
ronmental conditions. 


For information on Pacific inertia 
switch designed to your own re- 
quirements...or on a standard unit, 
WRITE TODAY. The engineering 
skill and creative ability of Pacific 
Scientific are at your service. 


Write for current engineering data sheets — 


PACIFIC SCIENTIFIC COMPANY 


P.O. Box 22019, Los Angeles 22, 
Calif. « San Francisco 

San Diego © Seattle « Portiand 

Denver © Arlington, Texas 


representatives: 
in the Eastern U.S. 
AIRSUPPLY-AERO 
ENGINEERING hey 
Mineola, L.1., 
in Canada: GARRETT 
MFG. LTD.—Toronto 
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Montreal —Rexdale, Ont. 


Production 
Equipment 


chamber and the cooling jacket which 
permits either an oil quench or atmos- 
phere cooling. Flame curtains at the 
entry and discharge doors keep the 
muffle air tight. The unit comes with 
piping, valves and an atmosphere 


flowmeter.—Lindberg Engineering Co. 
Circle 160 on Inquiry Card for more data 


Capacity Proving Ring 

Instrument capable of measuring 
compression forces up to 1,200,000 lb 
to accuracies within 1/10 per cent of 


applied load. The ring is for use in 
calibrating large-capacity load cells, 
testing machines and rocket thrust 
stands. The ring weighs 625 lb and 


stands 30% in. high. A micrometer 
screw and vibrating reed make up the 
deflection - measuring apparatus. — 


Morehouse Machine Co. 
Circle 161 on Inquiry Card for more data 


Contouring Control System 


All solid-state numerical contour- 
ing control system for filament wind- 
ing machines consists of a tape reader 
unit that processes data at 120 char- 
acters per second. A director unit 
then converts the tape’s digital input 
into a phase-modulated square wave 
which controls the servo subsystem 
that moves the winding machine’s 
three axes. Continuous path control 
of the winding material is thus pro- 
vided.—Thompson Ramo Wooldrige, 
Ine. 

Circle 162 on Inquiry Card for more data 


November 1961 


Authoritative help for engineers... 


NONDESTRUCTIVE 
TESTING 
HANDBOOK 


This pioneering Handbook covers 
all the means of testing the essential 
properties and performance capabilities 
of materials, parts, components, and 
structures without impairing service- 
ability. 


Explains and illustrates applications, advan- 
tages, limitations of 24 different test methods 
applicable in every branch of engineering and 
industry. Specifications, equipment costs, hun- 
dreds of pages of test interpretation data. 
Prepared under the auspices of the Society for 
Nondestructive Testing. 1,100 illustrations, 
graphs, tables; 1,910 pp. 106 Contributing, 
Consulting Editors. Robert C. McMaster, Ed. 
1959. 2 volumes, $24 


PRODUCTION 
HANDBOOK 


Packed with practical production know- 
how, this Handbook is the complete 


key to management-engineering 
methods that are revolutionizing industrial 
production today. Fully covers new materials, 
machines, processes, and proper functioning 
of company organization. 


Supplies proved principles, time- and work- 
saving systems, and successful operating pro- 
cedures for maximum productivity at mini- 
mum cost. Saves hours of research and costly 
experimentation. 726 illustrations, tables; 
1,726 pp. 48 Contributing, Consulting Editors. 
Gordon B. Carson, Ed. 2nd Ed., 1958. $16 


MATERIALS 
HANDLING 
HANDBOOK 


The complete guide to modern mate- 
rials handling. This unique Handbook 
explains the governing principles, 
today’s most efficient methods and systems, 
and recommended equipment for moving 
material at least cost — whether in raw, in- 
process, or finished form. 


Useful in all industrial situations, Handbook 
answers every basic question of work flow 
within and outside the plant. Sponsored by 
The American Society of Mechanical Engi- 
neers and the American Material Handling 
Society. 991 illustrations, tables; 1,740 pp. 
84 Contributing, Consulting Editors. Harold 
A. Bolz, Ed.; George E. Hagemann, Assoc. 
Ed. 1958. $20 


USE THIS COUPON 
TO ORDER HAND- 
BOOKS OR FREE 
DESCRIPTIVE 


BROCHURE 
Please send books checked below: / 

(J Nondestructive Testing senaannicnindl 

McMaster, 2 vols. | 
0 Production Handbook, 2nd Ed. 

Carson .... >) ! 
0 Materials Handling Handbook, _ | 
Bolz-Hagemann 


ie 20 
CD Please send free Descriptive a 
on the above Handbooks. 


Check enclosed Send C.O.D. | 
Bill firm Charge my account | 
Firm | 
Ordered by ! 
AIR-2 | 

Address | 
| 


Zone___ State , 


Circle 32 on fequtry "Card 
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AMAZING BRAZING 


| 


AMAZING 
BRAZING 


WESTERN style! 


Amazing brazing? It is to some. 


But our clients in the Aircraft/ 
Rocket/Missile field have learned to 
expect unusual performance. 

These firms know our ability and 
special facilities. They know we do the 
finest work with super-dry hydrogen and 
nickel alloy for brazing aircraft, rocket 
and missile components. 

For consultation, WESTERN style, 
we invite you to contact our Engineer- 
ing Department regarding your brazing 
problems. You are under no obligation, 
but you may benefit from our experience. 


\ 


\ 
WESTERN ALLOY 
ENGINEERING CO. INC. 


847 Truck Way 
Montebello, California. 
/ RAymond 3-9937 


Now, also in Arizona — 


2620 West Encanto, Phoenix 9, 


Telephones: 278-3411 + 278-2071 


AMAZING BRAZING) 
Circle 33 on Inquiry Card 
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DISENCHANTED 
ENGINEERS 


If your present employer has failed to 
utilize your full potential, why net permit 
us to explore the parameters for your 
professional qualifications with the many 


dynamic young companies in aviation, 
eleetronics, missiles and rockets. We now 
have more than 4,000 openings in the 
$8,000 to $40,000 bracket, all of which are 
fee paid. Why wait? Send resume in du- 
plicate at once indicating geographical 
preferences and salary requirements. 


FIDELITY PERSONNEL OF PHILADELPHIA 
1530 Chestnut St.. Philadelphia 2, Pa. 
Established 1943 


Circle 34 on Inquiry Card. Use Home Address 


index to advertisers 


This Advertisers’ Index is published as a convenience 
and not as part of the advertising contract. Every 
core will be taken to index correctly. No allow- 
once will be made for errors or failure to insert. 
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LOOKING FOR ENGINEERS 
TECHNICAL AND 
MANAGEMENT MEN ? 


Advertise in the Employment 
Section of 


AEROSPACE MANAGEMENT 


Employment Advertising in 
Aerospace Management is Carried 
in both the employment Sections and 
in Regular Run of Book Sections. 


” * * 


ADVERTISE YOUR SURPLUS 
NEW-REBUILT ELECTRONIC 
EQUIPMENT AND COMPONENTS 
in the Classified Section of 
AEROSPACE MANAGEMENT 


For more detailed data contact 


HERMAN W. BOZARTH 


Manager Classified Advertising Division 


CHILTON COMPANY 


5éth & Chestnut Sts., Philadelphia 39, Pa. 
SHerwood 8-2000 


Get the latest data on instruments for 
detecting, measuring and recording 
radioactivity. Ask for this NMC literature. 


FREE CATALOGS! 


Monitoring Catalog M-60 
shows individual units 
and complete systems 
for monitoring airborne 
particulate, water, stack 
gas, etc. 


Instruments Catalog 
PC-60 shows the famous 
NMC proportional coun- 
ter (PC3A) and associ- 
ated instruments. 


ee died 


a 
oevnormeat yeu 
‘Siles tenoencoes reese 


Other catalogs show 
NMC portable survey in- 
struments, scalers, well 
counters, and medical 
isotope instruments. 


FREE BULLETINS! 


Feature new instruments and new tech- 
niques for research, testing, processing, 
production, inspection and personnel 
safety. Mailed on request. 


PHONE COLLECT CNM) LIBERTY 6-2415 


Nuclear Measurements Corp. 


International Office: 13 E. 40th St., New York 16, N. Y. 
Circle 35 on Inquiry Card 


Aerospace Management ¢ November 1961 
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Advertisers’ Products * Advertisers’ Services 


CIRCLE THE NUMBERS SHOWN IN THIS 
ISSUE AND MAIL THESE POSTAGE-PAID 


REPLY CARDS FOR MORE INFORMATION ON 


Technical Literature * New Parts and Components 
New Production Equipment * New Electronic Products 


New Materials and Employment Opportunities 


| 


Postcard valid 8 weeks only. After that use own letterhead fully describing item. 
Please send further information on items circled below. 
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A. Your Job Function 
....1, Management 
....2. Design & Engineering 
....3. Production 

.4. Procurement 


B. Type of Plant or Facility 
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Electronic Systems & 
Parts 
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Raw & Processed 
Material 

Engineering & Research 
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No Postage Stamp Necessary if Mailed in the United States 
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VICTOR “CLEAN” REGULATORS 


Control gases safely and accurately to 10,000 psig. 


Victor high pressure gas regulators are cleaned, assem- 

bled, tested and packaged under carefully controlled 

conditions to insure maximum product reliability. 

‘ Cleaning is performed ta Victor standard or to cus- 
tomer specifications in a room approved by industry 


GD700 SERIES 
GAS-0-DOME REGULATORS 


GD40, GD90, GD100, GD200 SERIES 


Bronze or stainless steel GAS-0-DOME REGULATORS 
Pilot operated—liow torque 

Inlet to 10,000 psig. Bronze or stainless steel 
Outlet to 10,000 psig. Remote or integral controlled 
Flows to 250 scfm. Inlet to 6,000 psig. 

Panel Mounting Outlet to 6,000 psig. 


Flows to 80,000 scfm. 
Panel mounting if desired. 


and military agencies. Regulators shown here are 
typical of the available models covering a range of 
pressures to 10,000 psig. and capacities of 80,000 scfm. 
at —67° F. to +250° F. Write for Regulator Inquiry 
Form 361B and regulator bulletins. 


LR SERIES LOADER REGULATORS 


BPR SERIES BACK PRESSURE GD60 AND GD80 SERIES 
REGULATORS GAS-0-DOME REGULATORS 
Bronze or stainless steel Bronze or stainless steel 
Inlet to 10,000 psig. Remote or integra! controlled 
Outlet to 10,000 psig. Inlet to 10,000 psig. 
Flows to 10 scfm. Outlet to 10,000 psig. 
Low operating torque: __ Flows to 2,000 scfm. 

40 inch Ibs. at 7,000 psig. Panel mounting if desired. 

60 inch Ibs. at 10,000 psig. 


Panel mounting. Circle 1 on Inquiry Card 


VicIOR EQUIPMENT COMPANY 22222058 Sithen 


welding & cutting equipment; 


844 Folsom St., San Francisco 7 * 3821 Santa Fe Avenue, Los Angeles 58 peg Nr Inger Agee: 
fOr Teguiators 1145 E. 76th St., Chicago 19 —ieannainn a 


J. C. Menzies & Co., Wholly-Owned Subsidiary and idler rebuilding machines. 


ee = y ; Was ome ee ae aa, “ Fa Soe 2 ie ee ere . ‘+ Fy io fees Se faa ; caer 
Se teres Bai Bae a aaa a ae | ee q Ss ee Pap ot a eee ee 
nt eee aa 2 meee ee ye ha, ar : ieee Me ee eee ae a 
> Aateeeeresye = : ate a ae ee Oe Bho es uaeage te . > -. ads 5 cae ee f. 
Se ee ne ce rae ae, EY iene aes ae See ee 2 ee Fee : ie ae YN be 
pee es aed eee ue i Ne ee z = sch eens As ig a 
ak, eee rete eat ee eee ea a ee is ek | opie! Any eer 
Pilg Py eran a a “eh athe 0 i i oy 5. See Cee Dee er Sara rey i ee se 7 ee f ~ S eet 
J RT a PS ak RR: A ae ONS, PMG S'S eS oe a ce ee ee es : ‘ 

e — . . ies ‘ z : r 4 3 

; J a . ‘ . — a —————— roe 4 i 
pee d ; —— “a " . ; ; . J | } 
: : . s el _ ™ ' . ¥ i - i ‘ 
_ ey ng x : 4 e & | 
pen ea =; ; _ ito. : a eet ee | i . ] t 
4 meg i _ , 4 . & es RK 

op : ———————— TT a ; eee ’ Fs . 
re om : _. ieee 
: S on ' a4 3 . ean 
ot le in ‘ a Pa ee . wal 3 onic ie 

Ee be : Ty ee es Ns Misxaye to ee gal ™ 3 } GP lhe al 

. ee. anne vie "ei a : ge ee ee de B iN a ls Sonera a i 

ERY RE BERR ~ ee “he ts . Bi A ae Pp Me 

* —s =r aera Mf mm: 6«6Sl ie) + 
Gea ae Pen Rake |. pei SB ; eer 7 
SRE Baie es “ip Sear ah aiid t =| | f a he | 

) Bee eae GRE ES, Desir: | 7 § ewan 
: ee es io : “4 Bias gus EOS Be ] ae sa { 
Hee soa RR ey er A: 4 ES ie te 
3 Rime o cant on E 4 : mer at Y 
SERRE AE ORR EA ROO OR ee RRR cea pap vn Fone A f mi. : ~ b shea ate 
hee cies | - seh Repco 
Pe ae ‘J ge ae Ne = ac) ; Cig = 
ek 8 ; a ee eee [ o-? : ies a. : = : = 
-— i -_ é er ‘ he . v : z rid : ;, i A Big a a 
” jay a" ~4 * a < 2.» or. toa < 
* ss ¢& ad ; ~ J (eo wae ee 
nde a e é : i . e ; , es P i F . 
es ~ wa J wt . ip .} - 6s 7 a 
al i ¢ - . . ak Sa a +. poe mee * ene ser Se 
yr eT af — Cd a eee tal . ae ae 
* we a | , ram i _- e ; ae ee er a us 
3 4 } — wl > ‘ Pi 4 Se a ot ae ee 
; : “ef ¥ t @ a nee \% St ¢ G Met id (an pa Soe. e: 
.. a “ ea 7 Pe se + eee a oie’ ® 
: ey oe ' | z : ole a |. OS, er SN ee ‘2 
; ——_ ' : . ie? of i * i ae Matin : pa ‘SS ~~ os Sy CN a a ‘ 
Se . = i> = 4 at e a atti —CrAP Nr Oe Le. to eee ae ‘a 
Eye de ed _ : Vi Gos Jae ee a a ee gE a Ne ee a ee a 

ff Ee 2 37 ’ Ee 00 
: : ie ae rie ax te oe — * St ha ae ~ el ale .. (he ee AS eee = 

a ‘ ERE > ied a Ue Sa ~~~ ©>oui< "iia — al 

5a: : : wens ; = ft rhe eae RE eae a > ee ai wed j ok, Weel Se a os i. 
2 ; : F 4 wr i‘. ae es ler oS ~~ e a = = a . ii = re 
a ; : s & "a “J : Rap a ee eo ern = i as ; a eke < g fa a eis cei 

_ = ; o . oe tee ee eee ” A “ ih on oe 
? nes r Ra; “< ) ae ee rs Mg a TT, | 

> + —a \ — st — _ Ree ee —  — oerecmnmmra oc iy ca aa 

— oe ; ; Bi ey i oth . gS ae | tipi - m= a ‘ - *% aa 4 Te ee 

— -_ s 4 ay > « i Fe z e 2) ae > ee .7 a an we a “% ‘ an : =: Se 

or “ |. awe ‘ oid . ee Or goer ES ae A r See ee wf een SR 

? jie -- é ” Mi — oe a. _ ee ee ee ee ee :. a, Yh Sr. 

_ -" a é a ——— me RS ee ee re £ . . ee . beh H ce i, Bente 

2 * a yy i ss » he ee 7 - wy Eee ae ae = See =i i 7 ho - ie ee a ma % 6 ee ae ee a 3 ay) as 

+ a s = "A —e 8 on > eae lee ave am 4 i g : ek “me a Eiveer 4 ‘ i es 

Pox Bid oe ee - Se co SRR Os eee — ‘ a ae Met | |) Sas 

.  . ie oe & — aor SP ee | lt 

a a+ E Se" eo os Pe lee ( 
: | | a ee , a : we Se 
; r & ve A Re ae ee : — ; oh 
da pe a, . Me ae 
_ “ae . 4 - Svs : Becot net | emma 
; q ‘a Mee ss. a a 

‘ id a : . 3 are ’ i ie . 

a: 3 >. me. . 1 — i eae Ur wae 
i P <q — 8 = oe d . ¥ Sage A “a 
ase oa or “4 4 % i : » . fi git: Oe) ws 

1 ae : >: ie ae oe hin _ ea ee, 
Rees : & e  £ . % 4 ae a = 3 | en 

ay s - p i ees £ a i J 3 a 3 oe i 2) ry il 

‘ure 7 —_— ae a - : re Fi = ge ee 

ey og : ; ’ Ea. ’ «= io ea ' Rae 
ree b \aa ~ # a) rs TE Be dee lt ee 
Z “ee > les q ‘Thay a oe a a 

- = 2a: 

ae 
aes 
ee 

‘ re eee 

ih ¢ ey 
rt RE hs 
:: ee ae “ 

f as va oe 
j pe fe 
pen 
i 
ig es 
ar: 
Ty ae 
hee 
ae rt 
| es 
tee, ‘ 
Bee 
a 4 eles 2 
« ’ sll Ble 
based = — ee Te > = = Re & 
tesa ne “Sa 4 ee) Ss y Al = = es, 
* f ~ a 4 S 7i eG Z <2, ~ en > pa 
oT ey. i » ee ‘ mn 2 , % . nae 
. oe. A AS ‘S : 4 “4 ei “ ‘ } z ee. ay Sa ¢ 2. ' a | > heae 
i ——_ ~ 1 5 f > ee | EOL: * #- - ney 
Br * 7 ; a 4 3 aa 
ne by : ’ ; a: 2 ] SS = & g Patino 
ee « ee > 4 || 7 a3 ee i’ ey. 
¢<} FIP — . 2 | ~ a) fe i 3 
Siggy a i ~ <e 4 7 om % ee 
= of ela = — - i. Rees 
— ee ie Ay 3 - , | © *<_ ee 
we ‘ean. Oe a = | Qe os FES 
5 “SS % ._ 7 - . a i i Poa we 
: y 3 q . a ~~ « Yee =. 
ek > Se b: « re 4 : 
SS al > N=” soles 

s a | € ie 

eas Biss 2 a 

ee | B- 
ioe wear 
i eee} 

: Aerie on 

: : ae 

. . . ; re ; 
tet oe es: a 7s ties gee rea? — en : EF ere ar : Pi eee ate 
cee ae a le ae = hi Mle AP ea 2 Ra Py citi, Ta ae ae ee S Lehi tee ; ee | _ ag 


bal 


— aa 


BRUNSWICK EXCELS IN LIGHTWEIGHT / HIGH~STRENGTH STRUCTURES: 


In the fulfillment of space-age re- 
quirements for maximum strength / 
weight ratio, electrical transpar- 
ency and complete reliability, 
Brunswick is an acknowledged 
leader. 

An increasing number of suc- 
cessful programs have depended 
upon Brunswick’s fiberglass fila- 
ment winding process. These in- 
clude radomes for supersonic 
aircraft such as the F105, F4H, A2F, 
F106, and the Bomarc “B” missile. 
Brunswick’s filament-wound rocket 


Interested engineers will find it rewarding to discuss career [> 
futures with Brunswick, an equal opportunity employer. \ 
Write or call Brunswick Corporation, Defense Products Divi- 


sion, 1700 Messler Street, Muskegon, Michigan. 


motor cases are currently being 
used in the Polaris, NASA, and 
other classified programs. 

In laminated plastic structures, 
too, Brunswick has won the respect 
of both military and industrial lead- 
ers through the successful fabrica- 
tion of the big 22-foot rotodome for 
the Grumman W2F, missile wings, 
integrated antenna systems, and 
undersea devices such as “towed 
fish.” 

Brunswick’s capability has also 
been demonstrated in metal honey- 


Circle 2 on Inquiry Card 


comb assemblies for jet aircraft, 
helicopters, reflectors, containers, 
shelters, and other high-strength/ 
lightweight applications. 

Working from this wealth of ex- 
perience, creative engineers and 
scientists at Brunswick await new 
challenges in still more advanced 
programs. Can we help you? 

Our complete design, fabrica- 
tion, and test facilities (including 
electronic test range) are at your 
disposal. Contact us today for your 
subcontracted components. 
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